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GREAT LAKES RESEARCH DIVISION 


The Great Lakes Research Division (formerly Great 
Lakes Research Institute) is part of the Institute of Sci- 
ence and Technology of The University of Michigan. 
The Great Lakes Research Institute was established by 
action of the Board of Regents on May 16, 1945, for 
the “encouragement and integration of studies of the 
physical, chemical, biological, and other aspects of the 
Great Lakes and related areas,” and was reorganized 
as a Division of the Institute of Science and Technology 
on April 1, 1960. 

It is a research organization in the broadest sense, 
whose objectives are the stimulation, promotion and 
coordination of research on the Great Lakes, as well as 
the implementation of the University’s teaching and 
research program for graduate students. The Division’s 
objectives may be more specifically stated as follows: 


1. To contribute by every means at its disposal to 
increase understanding of all aspects of the 
Great Lakes region. 


2. To cooperate with other organizations on the 
campus, within the state, and outside the state 
in the conduct of mutually beneficial research on 
the Great Lakes and their tributary waters. 


3. To make available the results of Great Lakes 
investigations, and to make special efforts to 
place them in the hands of those concerned with 
practical operations. 


4. To serve, in general, as a center for Great Lakes 
information and research for the University, the 
state and the entire Great Lakes region. 


5. To implement the teaching and research program 
of The University of Michigan. 


David C. Chandler 
Divisional Director 
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PREFACE 


The Third Conference sponsored by the Great Lakes Research Institute, 
entitled ''Present Status and Future Needs", was held at The University of Michigan 
May 6-7, 1959. 

Increasing national and regional interest in the Great Lakes as a natural re- 
source creates an urgent need for concerted thought and action by all researchers 
engaged in Great Lakes investigations. To partially meet this need, twenty-four 
scientists, representing active Great Lakes research organizations, were invited 
to present papers at this conference. Each was asked to include information on the 
organization, staff and active research program of his research unit. Presenta- 
tion of these papers ranged in general tone from progress reports to strictly tech- 
nical papers, depending on the emphasis by the author. Despite a certain lack of 
uniformity, the papers give a good overall insight into the status of Great Lakes 
research. 

The last half day of the conference was devoted to a panel discussion by 
nine invited participants, each summarizing his impression of the status of Great 
Lakes research in his particular area of competence, as well as pointing out re- 
search areas being overlooked or areas of undeveloped potential. 

The final hour of the conference was given over to a general discussion, by 
the sixty or more in attendance, of the question "What can be done to implement 
Great Lakes Research?" It was pointed out that increased research activities on 
the Great Lakes by numerous organizations and agencies have created a pressing 
situation concerning means of adequate communications between researchers. A 
vigorous discussion of the question brought out the kinds of communications that 
would be most helpful to implement Great Lakes research and the mechanism by 
which this could be accomplished. It was the consensus that a central clearing 
house was needed for the compilation and distribution of research data, research 
progress, directory of personnel and bibliographies. To partially meet this need 
the Great Lakes Commission, in cooperation with the Great Lakes Research Insti- 
tute, agreed to issue periodically the Great Lakes Research Checklist. In this 
publication will appear the titles of recent publications, current projects and theses 
of graduate students, as well as the listing of pertinent bibliographies. 


John C. Ayers 
General Chairman 
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INTRODUCTION 
David C. Chandler 


Chairman of the Council 
Great Lakes Research Institute 
The University of Michigan 
Ann Arbor, Michigan 


The first conference sponsored by the Great Lakes Research Institute was 
held in July 1953 at the University of Michigan Biological Station at Douglas Lake. 
The title of the meeting was ''The Upper Great Lakes", and the primary purpose 
was to bring together a representative group of persons actively engaged in re- 
search on the upper Great Lakes, for an exchange of ideas as to the present status 
and future objectives of basic scientific research on these lakes. A secondary ob- 
jective was to determine how the Great Lakes Research Institute could function 
most effectively in relation to other established agencies in stimulating and further- 
ing work on the lakes. About 50 persons attended this conference, representing the 
areas of Hydrology, Meteorology, Geology, Limnology and Fisheries. The out- 
come was gratifying as it represented a first attempt on the part of investigators 
on the Great Lakes to meet and discuss common problems, and noteworthy in that 
the following things were accomplished: 

1) Basic types of data needed were defined. 

2) Kinds of data being collected were itemized. 

3) The most urgent fundamental problems were identified. 

4) Research facilities available were inventoried. 

5) Agreement was reached on the standardization of methods and 

procedures. 

6) A cooperative program on Lake Huron was agreed upon for the summer 

of 1954 by the Department of Lands and Forests of Ontario, Canada, 
and the Great Lakes Research Institute of the University of Michigan. 

The Proceedings of that conference were published in 1953, and the results 
of the cooperative study on Lake Huron were published in 1956. 

The second conference sponsored by the Institute was entitled ''The Great 
Lakes and Michigan" and was held on this campus in late June 1955. It featured 
two panel discussions: 1) Water quality and water usage, 2) Present status of 
basic scientific work on the Great Lakes. This meeting brought representatives 
of national, state and municipal agencies together for a discussion and better 
understanding of their common problems on the Great Lakes. As in the previous 
conference, the Proceedings were published. 

The present conference, the third sponsored by the Great Lakes Research 
Institute, has as its general title ''Present Status and Future Needs of Research on 
the Great Lakes." In certain respects the aims of this meeting are similar to the 
first conference held in 1953, but unlike the first conference, it has the results of 
six active years of research by a number of organizations to serve as a background 
for our discussions. In these six years real progress has been made in attacking 
some of the basic physical and biological problems related to these waters. Among 
the accomplishments in the past few years, I should like to point out one that has 
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had considerable impact upon our thinking about these waters and the manner in 
which we direct our research efforts. Iam referring to the demonstration and 
general recognition that the Great Lakes are essentially small oceans and require 
oceanographic equipment and methods for their proper study. In recognition of 
this fact we have invited several oceanographers to participate in our conference. 

It is hoped that tangible benefits will come from this conference through a 
free exchange of ideas from individuals representing a great diversity of research 
interests. This should be a meeting where each person actively participates, ex- 
pressing frankly his views based on his personal experience. 

Our stated objectives are 1) to assess the present status of all kinds of re- 
search on the Great Lakes, 2) to focus attention on areas of study that have been 
neglected thus far but offer exciting and rewarding opportunities for the immediate 
future. I should like to add a third objective here for your consideration. In addi- 
tion to gathering data to explain the natural phenomena of these waters, we as 
scientists must assume the responsibility of interpreting these data in such a way 
that they can be translated into criteria which in turn will serve as a basis for the 
formation of policies. Therefore, this conference should give some thought to the 
matter of assisting state, national and international agencies in solving the problems 
related to the proper usage of these waters. The urgency of this matter is clearly 
indicated by the opening of the St. Lawrence Seaway and the consequent increase of 
people and industry on the shores of the Great Lakes. 
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GREAT LAKES RESEARCH * 


J. P. Bruce 


Head, Hydrometeorological Section 
Canada Department of Transport 
Toronto, Ontario 


The Meteorological Branch of the Department of Transport has for some 
time been concerned over the requirement for more geophysical research on the 
Great Lakes. The effects of these large water bodies on the weather and climate 
of surrounding areas, the converse effects of meteorological elements on the lakes, 
and the physical nature of conditions at the water-air interface, are old problems 
of obvious importance. They have in the past interested many Canadian meteoro- 
logists. 

From time to time this interest and the obvious need has resulted in notable 
contributions to our knowledge of the lakes. Of particular value have been the 
papers of F. G. Millar, particularly the one on the average water temperatures of 
the Great Lakes (1), and by Middleton and Coffey on development of automatic 
weather buoys (2). 

In addition, the Canadian Meteorological Branch has conducted a continuing 
program of equipping lake ships with wind and water temperature instruments, as 
has the U. S. Weather Bureau. At last count there were 14 Canadian ships plus the 
"Porte Dauphine" of the Great Lakes Geophysical Research Group reporting wind 
and weather in the AVREP code for use in preparation of marine and inland weather 
forecasts. These ships also maintain weather logs, and seven are equipped with 
thermometers in the condenser intake for measuring water temperatures. 

Very recently, with the establishment of the Great Lakes Geophysical Re- 
search Group and the formation of a small Hydrometeorological Section within the 
Climatology Division, we have been able to consider the development of a more con- 
tinuing program of research on Great Lakes problems. This section will devote a 
certain amount of its time to Great Lakes work, the amount being dependent on the 
pressure of other duties, and to some extent the persuasiveness of limnological 
groups. 

Although the current Meteorological Branch program has not progressed to 
the stage where papers are being produced, a recent data compilation and a forth- 
coming publication should be drawn to your attention. A circular was recently 
issued on " Break-up and Freeze-up Dates of Rivers and Lakes in Canada'(3). It 
contains information on ice dates at a number of bays and harbors on the Canadian 
side of the Great Lakes and ona number of rivers and small lakes within the Great 
Lakes drainage basin. A forthcoming publication of the Royal Meteorological 
Society, Canadian Branch will be concerned with the Great Lakes and will contain 
a paper by D.K. A. Gillies of Ontario Hydro-Electric Power Commission on "Winds 
and water levels on Lake Erie", ** a report by D. V. Anderson and G.K. Rodgers, on 


*Published with permission of the Director, Meteorological Branch, Department of 
Transport, Canada. 


**See page 35, this Conference Proceedings. 
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recent studies of the western basin of Lake Ontario, and a brief account of the for- 
mation and functioning of the Great Lakes Geophysical Research Group. 

The Meteorological Branch's present and immediately foreseeable program 
of interest to Great Lakes investigators will be largely in collaboration with the 
G.L.G.R.G. or its successor. It involves: (i) extension of observation networks 
to include more shore and island stations and additional ships; (2) instrumental work 
on automatic weather stations and their potential applicability as weather buoys, as 
well as testing and development of meteorological instruments for use on the re- 
search vessel; (3) research studies and data analyses. 

There are two projects in the latter category which may be of more than rou- 
tine interest. One of these will be getting underway during the summer of 1959, and is 
concerned with the old question - ''does the monthly or seasonal precipitation over the 
lakes differ from that on surrounding land areas?" This question has received 
some recent attention by the U. S. Weather Bureau and the U. S. Lake Survey, as 
reported on by Kresge (4). If there is a significant difference in the amount of 
precipitation falling on the lakes, this is an obviously important factor in the water 
balance of the basin as the lake water surfaces constitute about 1/3 of the total 
area of the Great Lakes drainage. 

We are planning to tackle the problem by climatological analyses of photo- 
graphed weather radar patterns. Truppi and Ligda (5) and later Tarble (6) have 
shown that the amount of observed rainfall in a season or month at a station can be 
related closely to the number of occurrences of radar precipitation echoes over the 
rain gauge station. Thus by counting precipitation echoes in each of a number of 
grid squares over-laying the radar film, the relationship between number of echoes 
and precipitation amount can be deduced for land areas with raingauge networks, 
and precipitation can be estimated over the adjacent ungauged lake areas. Tarble 
(6) claims that this can be done to within 8% without trying to assess the intensity of 
the echoes in any way. By making some such assessment it should be possible to 
estimate the precipitation over lake areas to within something less than 8%. 

The Decca 3 cm weather radar at Malton Airport, near Toronto, is to be 
equipped very shortly with an automatic camera arrangement to take 25 pictures 
per hour of the radar scope patterns. The area of most effective operation of this 
radar covers the western basin of Lake Ontario. If a range correction factor can 
be applied to permit analyses beyond a 40 mile radius, it ma~ be possible to include 
in our studies nearly all of Lake Ontario and part of Lake Erie. 

It would be highly desirable to make arrangements with other operators of 
weather radar on the United States side of the Lakes for exchange of data in tabular 
form for agreed upon grid squares over the Lakes. | 

A second project is underway and involves relating gradient winds over Lake 
Ontario to drift bottle paths and water currents. A preliminary study has been made 
of drift bottles released by Dr. D. V. Anderson of the Ontario Department of Lands 
and Forests on August 9 and 10, 1955. 

137 bottles were released from two ships and 47 or 35% were recovered. 16 
were returned within ten days of their release and so could be considered to have 
been picked up shortly after reaching shore. The other bottles, which took from 11 
to 59 days to be recovered, very likely drifted along the shore, remained unfound 
for some time at the location where they grounded, or made several loops in the 
lake before being found, which makes their motion difficult to interpret. The present 
discussion is confined to the bottles recovered within 10 days. 

Of the 16 bottles found within 10 days, all but one were retrieved in the 
western end of the Lake, and that one was released at the eastern end and became 
trapped in a bay of the Prince Edward County peninsula. The resultant tracts of the 
15 remaining bottles are shown as solid lines in Fig. 1. The tracks of other bottles 
on the western part of the Lake are shown as dashed lines. 
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It should be noted that the period just prior to the release of the bottles and 
during the first 5 or 6 days they were afloat saw predominantly easterly winds. On 
August 13, the gradient wind reached 090°/50 kts. as the remains of hurricane 
"Connie" moved northward across the lake. Thus, any current patterns directly 
induced by the wind which may be deduced from the drift of these bottles will not be 
typical of Lake Ontario, which, of course, is "normally" visited by westerly winds. 
Harrington (7) found that the majority of the bottles released over a 3-year period 
in Lake Ontario ended up on the southern shore and mostly the southeastern shore 
in contrast to the notable gather of bottles along the northwestern shore in August 
1955. 

In a preliminary analysis, gradient winds were scaled off the surface weather 
charts for the period when the bottles were in the water. 

Three interesting problems arise in such an analysis: 

(1) Is the "sea-surface" wind in the same direction as the gradient, as 
suggested by Sheppard, Charnock and Francis (8), or is there a frictional angle be- 
tween them of about 16. 4° as found by Jeffreys (9)? 

(2) Do the surface currents: move with the sea-surface wind as Hughes (10) 
has found, or do they move at 45° or to the right of the wind as Ekman and Rossby 
suggest ? 

(3) What is the relative importance of the wind during the period the bottles 
are adrift and the wind of the previous 10 or 12 days, as used by Ayers (11), in de- 
termining the direction of the surface currents sampled by the bottles? 

The resultant gradient wind over Lake Ontario for the 12 days-prior to the 
release of the drift bottles, using the exponential decay factor (11), is shown in 
Fig. 1 as the vector marked W. The direction of the wind stress, if it can be con- 
sidered to be at 45° to the right of the wind, is 094° and is in the direction marked 
Ze 

Table I summarizes the data for the 16 bottles recovered in 10 days or less, 
and gives the resultant mean gradient wind vector for the period during which the 
bottles were afloat. The mean ratio of resultant gradient wind speed to net speed 
of the drift bottle along the shortest tract is .030 with a standard deviation of . 005. 
This is somewhat higher than the 2. 2% found by Hughes for the North Sea. 

It is clear from Figure I and Table I that a strong cyclonic circulation 
existed in the western part of Lake Ontario from August9-16. The fact that bottles 
from stations 6 and 7 on the southern leg of the course ended up on the north- 
western shores of the Lake suggests that the mean westerly current through the 
central part of the Lake as shown by Millar (1) did not exist during this period. 
Bottles from Stations 1 and 3 moved against the wind and were obviously caught in 
the currents from the north and northwest induced by the boundaries of the Lake on 
the easterly current along the north side of the Lake. 

However, with the factors of lake boundaries, "permanent" currents and 
semi-permanent wind induced currents, as well as concurrent wind induced cur- 
rents, affecting the motion of the drift.bottles, it becomes difficult to throw any 
conclusive light on the controversies raised above. 

This preliminary investigation has suggested a number of lines for further 
studies. The possible paths of the bottles retrieved after 11 to 60 days still re- 
main to be investigated; the relation in speed and direction of the gradient wind to 
the "sea-surface" wind over Lake Ontario should be studied with available island 
and ship wind observations; and the relative importance of the wind in the 10-12 day 
period prior to current measurements and at the time of the observations in pro- 
ducing movement in the upper thin layer of the water, are all problems requiring 
further attention. 

The above remarks cover only oneaspect of Meteorological Branch interest 
in Great Lakes research. Since the Branch provides forecast services for the 
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Canadian side of the Lakes region, we are most interested in their effects in the 
production and inhibition of fog and showers. In our provision of climatological 
services for this region, we: are concerned with the effect of the Lakes on climatic 
trends and vice versa. These are questions to which we must devote more attention. 

It seems then that this status report on Canadian Meteorological Branch 
activity in Great Lakes research raises many questions and answers none. It is 
hoped that greater international cooperation and the firm establishment of the Great 
Lakes Geophysical Research Group or its successor in Canada will provide the 
vehicles for more participation in Lakes research by all interested agencies, in- 
cluding the Meteorological Branch, and will yield solutions to some of these 
problems. 
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THE UNIVERSITY OF CHICAGO, DEPARTMENT OF METEOROLOGY 


SOME WEATHER INFLUENCES DUE TO WARMING OF THE AIR 
BY THE GREAT LAKES IN WINTER 


Sverre Petterssen 


Director, Weather Forecasting Research Center? 
The University of Chicago 
Evanston, Illinois 


INTRODUCTION 


Though most meteorologists agree that the Great Lakes and similar inland 
water bodies exert marked influences on the weather and motion systems in their 
vicinity, there are few investigations that deal specifically with lake effects. As 
far as clouds and weather are concerned it has been difficult to separate the effects 
due to differential heating, between water and land, from those due to orographic 
and related motions. Similarly, in the case of motion systems, it has been difficult 
to isolate the effects of local heat and cold sources from the processes associated 
with the mobile systems. 

The purpose of the present investigation is to provide a preliminary survey 
of the effects of the Great Lakes on the pressure configurations and the patterns of 
precipitation in the vicinity of the Great Lakes during a cold spell. In particular, 
an attempt has been made to isolate the effects which are due to the transfer of 
heat from the water to the air during typical winter conditions. The investigation, 
which has been conducted as a pilot project, is based entirely on routine observa- 
tions, and, for this reason, no great detail can be provided. It is felt, however, 


that a thorough investigation with an especially designed observational program: 
would be rewarding. 


THE PRESSURE FIELD 


It is convenient here to describe the general synoptic situation in two parts. 
During the first period (0000 GCT 8 February to 1200 GCT 10 February 1958) there 
was a strong outbreak of arctic air which covered the Great Lakes and much of the 
continent to the east of the Rocky Mountains. During the second period (0000 GCT 


The Weather Forecasting Research Center works in close collaboration with 
the U. S. Weather Bureau District Center at Chicago. Financial support comes from 
the Geophysics Research Directorate of the Air Force Cambridge Research Center 
and the National Science Foundation. The Center employs a total of nine people on 
meteorological projects such as the transfers of heat and moisture from the Great 
Lakes to the atmosphere and the Lakes' influence on the development of weather 
and motion systems. Results of these investigations are usually published in the 
Journal of Meteorology or the Bulletin of the American Meteorological Society. 

Some papers are prepared only in report form. 
The research group would be interested in expanding its activity in Great 


Lakes research and would be pleased to cooperate with other universities interested 
in related problems. 
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11 February to 0000 GCT 14 February) the northerly current was much weaker, and 
a center of low pressure lingered over or near the Great Lakes. During both 
periods the average surface temperature for the lake region as a whole was about 
12°F below the normal, with several nightly minima below minus 30°F. By any 
standard, the period would be classified as a cold spell. The lake region was 
covered by a deep and rather uniform mass of air of arctic origin, and no fronts 
were present between the Appalachian and the Rocky Mountains. 

The first period. During this period the sea-level synoptic charts were 
characterized by three main features, viz., (a) a cyclone center of considerable in- 
tensity which moved northeastward along the Atlantic Coast, (b) a large anticyclone 
which dominated the Great Plains and extended southward to the coast of Texas, and, 
(c) a trough of low pressure which extended itself from the east-coast low across 
the lake region. 

The salient features of the pressure distribution at sea level are shown in 
Fig. 1A. Though the pressure trough is largely obscured by the strong zonal slope 
of the isobaric surfaces, the vorticity pattern suggests a considerable influence of 
the Great Lakes. The eastern maximum of vorticity, over the southern part of 
Quebec, may be identified with a remnant of the east-coast low. 

The second period. On and after February 11 the northerly current weakened, 
and a center of low pressure formed in the pre-existing trough (see Fig. 1B). On 
the individual charts the center of low pressure tended to remain in the eastern part 
of the lake region, while a second center of cyclonic vorticity was present over Lake 
Superior. The individual charts differed but little from the average conditions 
shown in Figs. 1A and B. 


1024 1018 | 











Fig. 1. The mean sea-level pressure during the first (A) 
and second (B) period. Broken lines are isopleths of 
absolute geostrophic vorticity in units of 10-4 sec7!. 
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During both periods Lake Erie was essentially frozen over, and though much 
shore ice formed on the other lakes, observations indicated that these lakes were 
predominately open. 

It will be seen from the isobars and vorticity patterns shown in Figs. 1A and 
B that it is highly probable that the Great Lakes tend to create a local system of 
cyclonic vorticity during periods when the land masses are appreciably colder than 
the water surfaces. 

Some theoretical considerations. The foregoing conclusion has been sup- 
ported by theoretical considerations.. Petterssen (1955, 1956) showed that the 


direct effect of a heat source on the divergence (Do) at sea level is represented by 
the term 


= © jog (Bo) v2 SW 
(1) Do £9, 1°8 (2) ar 
Here, the symbols have the following meanings: 
d, | k= (cy - cy)/c, = the Poisson constant 
ti f=2Qsing = the Coriolis parameter 
ce | 


Qo = the absolute vorticity at sea level 


Po , p = the pressures at the earth's surface and at the level of non- 
| divergence, respectively 


v? = the horizontal Laplacian operator 


5W = the amount of heat absorbed by a unit mass of air in the time 
interval 5t . The bar signifies the appropriate mean value 
1 below the level of nondivergence (commonly taken to be at 
500 mb). 

If no other process were active, a heat source, such as that of the Great 
Lakes in winter, would result in horizontal convergence and the development of a 
J cyclonic circulation around the source. In individual cases, this effect would be 

superimposed upon dynamic effects, and the problem is to obtain an evaluation of 
the separate contribution of the heat source. 

In an earlier paper Petterssen (1950) considered a steady mean state in 
which the effect of a geographically bound heat source is compensated for by a 
frictional vorticity sink. It was shown that the Great Lakes was a preferred region 
for cyclogenesis and cyclone activity during the cold season, and this result was 
well corroborated by statistics on the frequency of cyclone centers. Thus, while 
the existence of a lake effect on cyclone activity is fairly well established, there 
remains to isolate this effect from the processes associated with mobile systems. 
The rotational part of the motion. Since theory suggests that one of the 

id effects of a heat source is to maintain a cyclonic circulation, it is of interest to 

isolate the rotational part of the motion. A method for doing this in certain simple 

cases has been described recently by Sangster (1959). 
We consider a region A of the chart within which the vorticity q is known. 
Writing 


q = q (x,y) 
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we shall determine a stream function w such that 
(2) q=v?¥ 

and at the same time, the value of the integral 

(3) K = J (Vy)? dA 


shall be a minimum. The meaning of this latter requirement is readily explained 
by reference to Fig. 1A. Here, a small rotational field is largely overshadowed by 
a strong irrotational one. By demanding that K shall be a minimum, the rota- 
tional part of the motion may be isolated. 

In the first place, we write 


Y=Wit+ Ve 


where wy, will be determined so that it represents the rotational field. Thus, 

(4) vw =q and v7, =0 

Furthermore, we require that yw, is constant along the border of the region. Thus, 
(5) ~,1(s) = constant 


where s measures length along the boundary. 
We have 


(6) k= [ [(V Wy? + 200i + Ve + (We)? ]GA 
A 
Since 
(7) V+ (Wi Ve) = VWs Ve + Wve = TW Vm 


in virtue of Eq. (4), the integral of the middle term in Eq. (6) may be transformed 
into a boundary integral, using Gauss' theorem. Thus, using Eqs. (4) and (7), we 
obtain, when n measures length along the normal to the boundary: 


2 [vbr vs an=2 fv (vvh) an 


=2 f Vr as = 2% f 2% a 
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for yw, is constant along the boundary. 
The integral 
f ayn as =0 
én 


since according to Eq. (4), V?~2.=0, and 


[ove an - f= ds 


Equation (6), therefore, reduces to 
K- f [(V yr)? + (Vy2)? ] dA 
A 


Since yw, is given by Eq. (4) it is evident that K is a minimum when jy, is 
constant over the region. It follows then that yw must satisfy the conditions 


v’W = v?¥,=q within the region 


(8) 
y = constant on the boundary 


The solution is readily obtained by customary relaxation techniques. 





Fig. 2. Isobars (in mb) corresponding to the rotational 
motion in Fig. 1, computed from Eq. (8) with ¥-0 on the boundary. 
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Using the Laplacian of the pressures shown in Figs. 1A and B, the pressure 
distribution corresponding to Eq. (8) may be reconstructed as shown in Figs. 2A 
and B. Though no great accuracy can be expected along the boundaries, the field 
within the interior of the area conveys the impression that the effect of the Great 
Lakes during cold spells is to maintain a local system of cyclonic vorticity. Ex- 
pressed in terms of pressure units, the warming of the air by the Lakes appears 
to be able to account for a central pressure deficit of about 6 mb. 

Representation by orthogonal polynomials. Another way of isolating the 
effect of the Great Lakes on the pressure distribution is to resolve the observed 
pressure pattern into a set of orthogonal polynomials. The theory underlying such 
resolution has been developed by Wadsworth and Bryan (1948), and detailed pro- 
cedures have been provided by Miller and Sellers (1956). 

In the first place a rectangular coordinate grid is chosen, and the pressure 
pattern is represented by its values at the grid points. In the present investigation 
it was found convenient to choose the x-axis toward the east and to use a mesh size 
of three degrees latitude. The coordinate system used (see Fig. 4A) contains five 
rows and seven columns of grid points. From the pressure values at the 35 grid 
points, 34 orthogonal polynomials may be computed, and these, together with the 
mean pressure over all grid points, will represent the observed values. 

The meaning of the polynomials is readily explained. Thus in Fig. 3 are 
shown the profiles of the six x-polynomials which hereafter will be referred to by 
the symbol f, (n = 1, 2, 3,..... , 6). The profiles of the four y-polynomials, 
i. e., &, (k = 1, 2, 3, 4) are identical with the first four x-polynomials, except 
that the former are orthogonal to the latter. In addition to the 6 x-polynomials and 
the 4 y-polynomials, there are 24 (i. e., 6 X 4) cross-product polynomials in fp 
and g;,, and these, too, satisfy the criteria of orthogonality. In all cases examined 
here it was found that less than 12 of the 34 polynomials contributed significantly. 

It is evident from Fig. 3 that the bulk of the lake effect must be expressible 
through the polynomials f,; and g, and their cross-product, f2g2. Further- 
more, it is plausible that the polynomials ff, g« and f,g« will contribute. 
However, any combination of symmetrical polynomials will give a pressure center 
of some kind, coinciding with the center of gravity of the grid rather than with the 
center of the lake effect itself. Thus, unless the two centers happen to coincide, 
one or more of the asymmetrical polynomials will contribute significantly. 

The relative importance of the polynomials varies with the choice of the 
grid, and, a priovi it is not possible to identify certain polynomials as unique 
representatives of the lake effect. However, by comparing Figs. 1A and 1B with 
Fig. 3, it appears plausible that the polynomials f,; and g, , which represent a 
uniform pressure gradient over the whole area, must be unrelated to the lake 
effect. For this reason we have chosen to subtract these polynomials from the 
observed pressure at grid points and to represent the difference by isobars, as 
shown in Figs. 4A and 4B. It is evident that these isobars will represent the effect 
of the Lakes as well as other effects, except those which could result in a uniform 
gradient over the whole area. However, in the cases shown, it appears that the 
effect of the heat source associated with the open water is a dominant one. 

It is of some interest to compare Figs. 1B and 4B. While the mean pres- 
sure center is situated over the eastern shore of Lake Huron (Fig. 1B) the re- 
moval of the uniform slope of the isobaric surfaces moved the center of the resi- 
dual field (Fig. 4B) into a position which may well be called the center of gravity 
of all lakes. A study of the individual charts showed that it was not possible with 
any degree of certainty to identify separate effects corresponding to Lake Ontario, 
Lake Erie, and Lake Michigan. However, it was often possible to discern separate 
effects due to Lake Huron and Lake Superior. 
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Fig. 3. Profiles of some of the polynomials. 











Fig. 4. The pressure distributions shown 
in Fig. 1 minus the polynomials f; and 81: 
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From a study of the individual charts it was found that a quasi-stationary 
vorticity maximum of about 1.4 x10~* sec ~ was produced within 48 hours after 
the onset of outbreak of cold air. Thereafter the increase was very slow and at no 
time did the absolute vorticity exceed 1.8 x 10~* sec ~*. It appears therefore that 
a balance between the thermal source and frictional sink of vorticity (see Petterssen, 
1950) is reached before the motion system has acquired appreciable intensity. 


THE PRECIPITATION PATTERNS 


During both periods discussed in the foregoing section precipitation occurred 
only downwind from the Lakes, and the patterns showed well defined maxima on the 
windward slopes of hills and mountains. In addition there was a persistent and well 
defined band of precipitation about 10 to 25 miles downwind from the shores of 
northern Indiana and southwestern Michigan where the land is essentially flat. The 
maximum values within this band were as large as the orographic maxima. Since 
the observations are not suitable for an investigation of orographic influences, the 
discussion will be limited to possible explanations of the flatland precipitation 
pattern shown in Fig. 5. 





Fig. 5. The amounts of precipatation (in inches) 
, during the first (A) and second (B) period. 
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rapidly, the ascending motion would be larger, Sut the maximum would be unlikely 
to exceed about twice the values just mentioned. 

Without special and rather detailed observations it would be difficult to de- 
termine whether this frictional convergence in a relatively shallow layer suffices to 
account for the observed amounts of precipitation. It is possible, however, to 
identify another effect which (like the frictional convergence) depends upon the 
change of lapse rate and which may affect a fairly deep layer of air. This second 
effect is largest when the air blows at right angles to the coast line, from warm 
water to cold land, and it depends essentially upon the removal of heat from the 
air to the ground so that a horizontal temperature gradient is maintained. 





Fig. 6. A sketch showing bending of the upper stream- 
lines through the transitional layer adjacent to a coast. 


Consider the idealized case shown in Fig. 6. It is assumed that the air 
temperature is fairly uniform over the water and that it cools over land, by the 
amount AT , until the line CD is reached, whereafter no further adjustment takes 
place. For example, if AT were 2°C at 1000 mb and decreased linearly to 0°C at 
800 mb, and if the zone of temperature gradient were 80 km (50 miles) wide, the 
thermal wind at the 800-mb level would be about 8 m sec~*, Now, if the actual 
wind were to adapt itself to the geostrophic wind, there would be an acceleration 


from A to B, and also from C to D in Fig. 6. From the equations of motion we 
find 


é 


€ 


| ee 


VxV 


@ 
© 


where Vv ( = dp/dt) is a measure of the vertical velocity, w is the horizontal 
acceleration, and pressure (p) is used as vertical coordinate. 
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In a qualitative sense the inland displacement of the band of maximum pre- 
cipitation can be accounted for by the arguments used by Swinbank! to explain the 
formation of nocturnal stratus near the east coast of England. Swinbank found from 
measurements that the well-known formula 


Ui _ /Z1 = 
Uo Zo 


was applicable at least up to 400 feet above the ground. He also found that during 
typical radiation nights over land the value of m increased in the evening and re- 
mained constant at about 1/2. 5 from about two hours after sunset. This value is 
much larger than the value 1/7 which is appropriate to air with neutral stability. 

Thus, cold air which moves over a warmer water surface will arrive at the 
shore with m=1/7. As the air moves farther, over colder land, and acquires a 
stable stratification the value of m will increase to about 1/2.5. If it is assumed 
that there is a level h at which the wind (u,) is uninfluenced, we may write for 
the wind (u,) at any lower level 


(9) uz = Up, (gy 


Neglecting the horizontal density gradient, the influx of air through a cross section 
of unit width and extending from z = 0 to z = h at the coast is 


h u 


h h 
ie | uz dz= jim [ zi" az 
0 0 


The flux through a similar cross section where m = 1/2.5 is 
h i 
u 
Ip = oe zi/?-§ az 


Taking the ratio (I, - Iz)/I1, we find 


i 


wee & 2.5 
I; 7 1+ 2.5 















It will thus be seen that about 20 per cent of the air below the level h that crosses 
the coastline must ascend through the level h before m reaches the value (0. 4) 
typical of a stable stratification. Obviously the maximum ascent would be found in 
the zone where the lapse rate varies most rapidly. 

Figure 5 provides some evidence in support of the view that the width of the 
zone within which such ascent occurs is of the order of 30 to 80 km. Assuming that 
the layer affected is about 200 m deep and that the mean wind through the layer is 
10 m/sec, one readily finds that the mean ascending velocity over the whole strip 
would be between 0.5 to 1.0 cm/sec. In the zone where the stability changes most 





1 Unpublished report, briefly summarized by Gold (1947). 
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Since w = 0 at the base of an air column over level land, we have for w 
at some upper level 


Po 
(10) w = fovxv 5p 
p 


showing that there will be ascending motion through the top of a layer within which 
the acceleration has a positive circulation. Since both this effect and the one due to 
friction depend essentially upon the existence of a transitional zone in the field of 
temperature, the one effect will be superimposed upon the other, and both will con- 
tribute to an inland displacement of the band of precipitation. 

Without detailed observations it is difficult to obtain reliable estimates of 
w. However, using conservative values of the wind speed and the curvature of 
the trajectories, and taking only centripetal acceleration into account, one finds 
values of w which correspond to 1 to3 cm sec™*. Vertical velocities*of this magni- 
tude are needed to account for the observed precipitation. 


mele 


CONCLUSIONS 


On account of the sparsity of suitable observations detailed conclusions do 
not seem justified. It appears, however, to be beyond doubt that the heat transfer 
from the Lakes to the air exerts a modifying influence on the motion systems and 
a dominating influence on the weather systems. The transfer of heat and water 
vapor are likely to exhibit pronounced annual variations, and satisfactory investi- 
gation of these processes would require the establishment of several sounding 
stations around the Lakes, meteorological reconnaissance of cloud developments, 
and observations through the interface between the atmosphere and the water and 
land masses. 

From the present investigation it is possible to suggest only some rough 
estimates which may furnish some guidance to later researches. These are: (a) 
the maximum relative vorticity that can be produced during a prolonged cold spell 
is likely to be checked by frictional dissipation before a value of 1x 107* sec™* is 
reached; (b) the largest drop in sea-level pressure from the rim to the center of 
the low-pressure system is unlikely to exceed about 6 mb; (c) the largest amounts 
of precipitation from lake flurries alone are not likely to exceed about 0.2 inches a 


day over flat land, though much larger amounts will be observed where orographic 
influences are strong. 
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A NUMERICAL COMPUTATION OF THE SURGE OF 26 JUNE 1954 
ON LAKE MICHIGAN 


George Platzman 


Associate Professor of Meteorology 
The University of Chicago 
Evanston, Illinois 


The problem of predicting the fluctuations of water level produced by move- 
ment of a squall line across the surface of a lake has been considered. A numeri- 
cal method was used to obtain the particular solution for the surge of 26 June 
1954 on Lake Michigan. The results of studies by Ewing, Press, and Donn, by 
Freeman and Bates, and by Harris have shown that the surge was produced by an 
intense, fast-moving squall line that passed over the southern end of Lake Michigan. 
The energy supplied to the lake from the moving atmospheric disturbance pre- 
sumably was the combined result of the intense pressure gradient and strong winds 
associated with the squall line. 

The rate of change of the horizontal velocity vector, v=u, v, is 
described by: 


dv 
(1) 3t =-EVh- pt vP+p tsb 


where h is the elevation of the free surface above mean level, P is the atmospheric 
pressure, T is the horizontal frictional stress, g is the acceleration of gravity, 

and p is the (water) density. In this relation, x and y are the horizontal cartesian 
coordinates measured along axes directed to the east and north, respectively; z is 
the vertical coordinate along an upward-directed axis the origin of which is at the 
mean (undisturbed) level of the lake surface; and V = 3/éx, /dy is the horizontal 
gradient operator. The first term in equation (1) represents the horizontal acceler- 
ation of the water mass along the height gradient of a wave front, the second term 
is the acceleration resulting from an atmospheric pressure gradient, and the third 
term is the effect of horizontal friction. Non-linear terms, nonhydrostatic pressure 
forces, density variations in the lake, and coriolis forces are neglected in the for - 
mulation of equation (1). 


For the convenience of numerical calculation, the volume-transport vector is 
defined by: yh 


w= [ v dz 
-D 


Thus, integrating the velocity equation (1) from the lake bottom (z = -D) to the 
water surface (z = h) one finds: 


oM 
(2) a 7D E-svbe+R 


Abstract from Geophysica 6:3-4, 1958 


21 








22 THE UNIVERSITY OF CHICAGO, DEPARTMENT OF METEOROLOGY 


where F= - p *VP represents the atmospheric pressure-gradient force, and 
R =p * T (h), where T (h) is the surface stress produced by wind action. Only 
first-order terms have been retained in equation (2). That is, the bottom stress 
has been omitted, and the surface stress is neglected everywhere except in the 
narrow band of very high winds associated with the squall line. Further, treating 


the water as an incompressible fluid, the continuity equation becomes: 


dh 

(3) ose 
Assuming the functions D, F, and R to be prescribed, equations (2) and (3) consti- 
tute the basic prediction equations. The boundary condition imposed upon the 
transport vector M is that the lateral boundaries (the shoreline) act as rigid vertical 
walls giving total reflection, hence the normal component of M is required to vanish 
on the shoreline. 

In terms of the postulated F and R and the predicted M, the rate of working 
of the atmospheric pressure force is given by: 


(4a) Wi=pJJ F°M dx dy 
and the rate of working of the wind stress is: 
(4b) We =kpJJD°* R°M dx dy k>1 


The above equations (4a) and (4b) may be used to compute the rate at which energy 
is supplied to the lake. 

The solution of the above equations is done numerically with the aid of a 
high-speed electronic computer (the IBM-704). Equations (2) and (3) were trans- 
formed into difference equations and the solutions carried out on a grid of points 
separated by one nautical mile with one minute time intervals. The lake depths, at 
the lattice points, and the shore line represented by a series of straight lines con- 
necting the lattice points nearest to the actual lake shore, were obtained from U.S. 
Lake Survey navigation maps. 

Examination of the isochrones of the pressure-jump line (based upon an 
analysis by Holleyman) indicates that the zone in which the squall line effects occur 
may be approximated by a pair of parallel straight lines. This zone moves with a 
constant translation speed, and its width L remains constant. Everywhere ahead 
of the band and behind it the atmospheric pressure is uniform and the wind calm, 
so that in these regions both F and R are zero. Within the band, the atmospheric i 
pressure increases uniformly from front to rear, with no transverse gradient; if ' 
AP is the total pressure rise in the band, then the magnitude of F =-p"'VP is 


| F| =p *AP/L 


' 
and the direction is everywhere normal to the band. The wind velocity was assumed 
to be uniform, so that the vector R has the same direction and magnitude at all ' 
points within the band. Outside of the band, as stated above, R is zero. The direc- | 
tion of propagation was taken to be northwest to southeast, with a 4 millibar pres- i 
sure rise. However, the wind stress was not included in these calculations; hence, 
the magnitude of the pressure rise, while realistic, is entirely nominal because the 
numerical results are directly proportional to the value selected. The width of the 
band was taken to be 10 nautical miles, and the speed of propagation 42, 48, 54, 60, 
and 66 knots. 
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The energy calculations indicated in equation (4a, b) show the total energy ab- 
sorbed by the lake as a function of squall-line speed. There is a well-defined maxi- 
mum of 10° kilowatt-hours for a speed of 57 knots. It is rather remarkable that the 
observed speed was 56 knots. This rather precise "resonant" coupling was anti- 
cipated in the study by Ewing, Press, and Donn. 

The calculations for the 54 knot squall-line speed predict that the surge will 
be propagated in a southeasterly direction, reflected from the southeast shore of 
the lake and will be reflected toward the southwest and impinge directly upon the 
Chicago lake front. Finally, reflection from the southwest lake shore establishes 
an east-west standing wave across the south end of the lake. These results are 
illustrated in Figure 1 

This prediction is compared with observations from the Wilson Avenue Crib 
(which lies on the northern extremity of the Chicago lake front). The observed 
fluctuations of lake level, wind and atmospheric pressure at Wilson Avenue in the 
interval 0500 to 1100 CST 26 June 1954 are transcribed from copies of the original 
recorder records. 

The peak of the water level corresponding to the arrival of the second surge 
was observed to be 1.92 feet as compared with the computed value of 1. 05 feet. 
Further, the computed periods of the resurgences of the second surge are much 
larger than the observed values. It is felt, however, that the inclusion of the wind 


stress would serve to bring the observed and predicted values into better agree- 
ment. 





In Table I are summarized some of the computed and observed time inter- 
vals for which satisfactory observations are available. From the second column it 
is evident that the pressure-jump durations which result from the hypothetical 
squall line are too large by a factor of about 2 (a reduction of the width of the squall 
line from 10 nautical miles to 5 nautical miles would give the desired factor of two, 
but would probably be too small to permit adequate resolution in the grid of 1 
nautical mile used in this computation). 

There are many elements of uncertainty in evaluating the recorder records, 
the most serious of which is the uncertainty in establishing absolute time references 
needed for comparison between the records of different instruments. Nevertheless, 
the close agreement between computed and observed phases shown in columns (3), 
(4), and (5) in Table I constitutes very strong evidence in support of the validity of 
the numerical model employed in this study. 


Table 1. Computed and Observed Time Intervals Between Significant Events; 
Surge of 26 June 1954 


(1) (2) (3) (4) (5) (6) 
(knots) (minutes) (minutes) (minutes) (minutes) (minutes) 


42 14.3 55 85 109 35 
48 12.5 63 85 114 25 
Computed 54 11.1 66 85 118 20 
60 10.0 68 85 120 17 
66 9.1 67 85 121 18 
Observed 56 5 68 88 113 6 


(1) Speed of squall line. 

(2) Duration of pressure jump, 

(3) Interval, first surge at Michigan City to second surge at Wilson Averue 
Crib. 

(4) Interval, first to second surge at Wilson Avenue Crib. 

(5) Interval, jump arrival to second surge at Wilson Avenue Crib. 

(6) Interval, second surge to first following depression at Wilson Avenue 
Crib. 
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Figure 1. Configuration of lake level produced by a squall line moving at a speed 
of 54 knots. The charts shown cover the period, at 10-minute intervals, from 40 
to 300 minutes after the squall line begins its transit over the lake. The successive 
positions of the squall line are shown by the two diagonal lines. Shaded areas 
show positive (black) and negative (gray) stages in excess of 0.2 feet. The time, 

in minutes, is given in the lower left corner of each chart. 





. 








THE UNIVERSITY OF CHICAGO, DEPARTMENT OF METEOROLOGY 








SEENEETVEUreise as 2 


‘ 
<teaL 





25 





ee 


GREAT LAKES COMMISSION 


STATUS REPORT 


Albert G. Ballert 


Director of Research 
Great Lakes Commission 
Ann Arbor, Michigan 


The Great Lakes Commission, in its organization and operation, differs 
substantially from other groups represented at this conference. Asa result, the 
extent and nature of its research--if you will dignify it by that term--also is dif- 
ferent. To clarify this point let me present a few facts about our interstate agency. 

The Great Lakes Commission is a joint, official agency of six Great Lakes 
states and was established by the Great Lakes Basin Compact in 1955. It is sup- 
ported by equal legislative appropriations from each of the six member states. 
Establishment of the Commission came about as a result of the increasing aware- 
ness by state officials of the growing importance of the Great Lakes with respect 
to their multiple uses and problems. It was the view of these officials that a joint 
agency or mechanism of the states was needed to assist the states in carrying out 
their responsibilities pertaining to Great Lakes questions. 

Prior to the Commission's inception, on occasion temporary interstate 
committees and special conferences were organized when problems arose which 
required joint consideration by the states. Such efforts, however, offered little 
continuity or synthesis with respect to lake questions and developments. Further- 
more, due to the broad extent of the Great Lakes basin there was little knowledge, 
and sometimes even misinformation, in one section of the basin with respect to 
developments and problems in other sections. 

To meet the needs of the states the Great Lakes Commission was estab- 
lished with three basic objectives. These are: 

1. Continuous and joint study by the states of developments relating 

to the Great Lakes, including improved dissemination of informa- 
tion on the developments. 
. Achievement of a more effective means for consultation and coordina- 
tion of views and plans among state officials through joint analysis 
and study of Great Lakes matters. 
3. Development of recommendations and programs for use and con- 
servation of the water resources of the Great Lakes based upon 
the advice of a body which can provide the viewpoints of state 
governments. 
In summary, the aims and functions of the Commission are: (1) research and 
publication, (2) consultation and coordination, and (3) advice and recommendation. 

In establishing the Commission the governors and legislatures made it 
clear that the agency should be concerned with all aspects of the development, use 
and protection of the waters of the Great Lakes--commerce, transportation, fish- 
eries, lake levels and diversion, recreation, pollution and water supply. We are 
concerned here today primarily with the research and publication aspects of the 
Commission's program. Perhaps a truer description of these very important 


activities in our work would be to define them as fact-finding and dissemination of 
significant factual information. 
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The Commission's research function is principally one of serving as a 
clearinghouse for information on all of the aforementioned aspects of the Great 
Lakes. Basic research is generally precluded from our work due to: (1) special- 
ists already being engaged in many aspects of Great Lakes research, (2) the size 
of the staff--two members and two secretaries--is inadequate to carry on any ex- 
tensive research along with the other required duties, and (3) the primary role of 
the Commission is not directed toward the achievement of basic research by the 
agency itself. 

In the Commission's function as an assembler and disseminator of informa- 
tion, it has a particular interest in research and reports which relate to public 
issues or indicate the current status of various Great Lakes developments. The 
work of the Commission staff then is one of collecting, analyzing or interpreting 
and summarizing information obtained from a diversity of sources. The results of 
this work are intended primarily to provide state government with improved infor- 
mation on Great Lakes subjects, but the information also is available--as a service 
of the Commission--to others desiring it. Commission publications and reports 
are the means for disseminating the major portion of our work. 

One of. the Commission's publications with which I believe a number of you 
are acquainted is the Great Lakes News Letter. Based on the response we have re- 
ceived, this bi-monthly publication is meeting an important need in the Great Lakes 
area. The content is principally made up of very brief summaries regarding current 
Great Lakes developments, with the occasional inclusion of materials based on staff 
studies or analyses. The distribution of the news letter totals about a thousand and 
is continually expanding. 

Among the special reports published by the Commission are those based on 
papers presented at the symposium session of the Commission's annual meeting. 
These usually deal with a variety of subjects relating to the Great Lakes, but the 
latest of the series is centered on port organization and development, in recognition 
of the impact the Seaway opening has on port activities. Another publication of the 
Commission is the annual report on overseas commerce of the lake ports. It in- 
cludes dollar value data on this commerce which are not reported elsewhere. 
Canadian lake port tonnage data also are included. This report, largely statistical, 
has been widely distributed as a result of interest in the Seaway and its prospective 
commerce. 

To date, one bibliography has been published by the Commission--Great 
Lakes Fauna, Flora and their Environment. The value of this work by Dr. John 
Van Oosten is attested to by depletion of the first printing of 600 copies and a 
planned second printing. We look forward to cooperating in the publication of other 
works of this nature. 

In addition to the aforementioned publications a quite comprehensive annual 
report is published for the Commission and the state legislatures, and special re- 
ports are made for the members of the Commission and the states on matters of 
current concern. Among the topics considered recently are: pilotage, government 
agricultural exports via the Seaway route, andthe diversion of water into Lake 
Superior. 

In concluding, let me refer to the matter of cooperation with the various 
Great Lakes research groups, which would prove helpful to the Great Lakes Com- 
mission. In our role of focusing the attention of state officials and others on per- 
tinent Great Lakes developments and research throughout the basin, it would be 
very beneficial if means were improved for making known "who is doing what" with 
respect to Great Lakes research. Perhaps even more important is knowing about 
completed research projects, projects underway and projects to be undertaken. 
What is needed, therefore, is a more adequate means for the exchange of such in- 
formation. Let me say also that in referring to Great Lakes research, it is 








i 
‘ 
| 
: 
| 
| 


CECE ANN TE TT IERIE A: TEER TH 





GREAT LAKES COMMISSION 29 


desirable for us--and I believe for you too--to be informed on work being done in 
the fields of economics, geography, and political and other social sciences. Much 
of the work by these aforementioned groups is applied research and it has been 
useful in shaping the thinking of public officials and laymen with respect to Great 
Lakes matters. On this point I would like to mention just one topic out of the many 
possibilities where it appears studies and reports by those in the physical and 
natural sciences would contribute to wise future public action. I refer to the ques- 
tion of Great Lakes pollution. Is the increasing volume of treated sewage returned 
to the lakes having any significant effects on quality of the water or upon the fauna 
or flora? With respect to a particular locality, what would be the likely result of 


the proposed suggestion that Chicago's treated sewage effluent be returned to Lake 
Michigan ? 








GREAT LAKES GEOPHYSICAL RESEARCH GROUP 


STATUS REPORT 
David V. Anderson 


Physicist, Division of Research 
Department of Lands and Forests 
Maple, Ontario 


A Great Lakes geophysical research program has been under development 
in the physics section of the Division of Research, Ontario Department of Lands 
and Forests, for seven years. In 1958, the work was greatly expanded as a conse- 
quence of the loan of former HMCS PORTE DAUPHINE to the Department of Lands 
and Forests by the Royal Canadian Navy. R/V PORTE DAUPHINE is a 125-foot, 
400 ton, trawler type ship built in 1952 at a cost of $1,100,000. Being trawler 
built, she is ideally suited for a research vessel, and suffers from few of the usual 
difficulties in conversion to a new kind of service. She was completely outfitted 
with ship's stores and equipment. Chemistry and instrument laboratories and a 
drafting office were installed and other scientific gear was fitted at HMC DOCK- 
YARD, Halifax. 

The PORTE DAUPHINE is built for winter operation and strengthened for 
ice. She is large and sea-kindly so that now research can be conducted year-round 
in heavy as well as in fair weather. Work can be continued in winds exceeding 
50 m.p.h. In 1958 from 1 July to 15 November, fifty cruises totalling 6,000 miles 
were made in Lake Ontario. Starting work 22 April 1959, she had by 31 May 
covered 3000 miles on surveys through Lakes Ontario, Erie, Huron and Georgian 
Bay.* The ship is fitted with hydraulic trawl winches with which she can anchor 
(in calm weather) in up to 700 feet of water so that coring for bottom samples 
and taking current measurements in deep water are possible. The crew numbers 
11 and the scientific staff usually aboard, seven. The operating costs are approxi- 
mately $7,000 per month, but the costs per working hour are only about $30 be- 
cause of the great amount of sea-time of which she is capable. 

The acquisition of the ship was accompanied by growth of staff needed to 
make full use of her, and as of May 1959 the staff of the section numbered 27 (five 
of whom are summer students). 

The publication of the substantial amount of data made possible by the 
PORTE DAUPHINE poses a problem which is being met, in part, by release of Re- 
search Notes, each of which covers a small and delimited but complete phase of 
work, 

Many administrative difficulties have been encountered in devising an effec- 
tive geophysical program on the Lakes. The principal difficulty has been that re- 
search of a broadly based character embracing many hydro-meteorological, geo- 
logical and biological phases, as well as the main effort in physical limnology, is 
necessary on the Lakes. Further, most applications of Lakes research (water 
power, water supplies and pollution, shore erosion, navigation, meteorological 
forecasting, fisheries) draw upon an inextricably connected web of research in each 


*By 31 December 1959, 14,000 miles had been covered. 
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of the scientific disciplines involved. And yet a single application, such as the 
fisheries, upon which Lands and Forests participation is based, cannot support 
financially the geophysical work necessary for its own ends, let alone those of other 
applications. This is just the problem that confronts oceanographers as well. 

In recognition of this problem, and in an attempt to obviate it, Lands and 
Forests, in cooperation with other Canadian agencies (provincial, federal, muni- 
cipal, private and university) interested in the Lakes, set up the Great Lakes Geo- 
physical Research Group. The Group has been a vehicle for formulation of recom- 
mendations, for promotion and liaison. Its activities have been conducted by means 
of a steering committee chaired by Dr. G. B. Langford of the University of 
Toronto. The Group was conceived as an ad hoc means of strengthening research 
on the Lakes in the national interest, and it was hoped that out of its activities might 
develop a permanent home for cooperative research on the Lakes and particularly 
for the central section for geophysical research now in Lands and Forests. Nego- 
tiations are still in process but it looks hopeful that this goal may be reached by 
the fall of 1959. 

Among many Canadian agencies who have helped, a few of the principal 
contributors in addition to Lands and Forests are: Ontario Hydro, Department of 
National Defence, Meteorological Branch Department of Transport, Ontario De- 
partment of Public Works, Canadian Hydrographic Service, Metropolitan Toronto 
Water Works, Toronto Harbour Commission, National Research Council, various 
Canadian oil companies, McMaster University, and the University of Toronto. 

As a result of close cooperation with scientists in these and other agencies, 
it is proving possible to undertake an ambitious program, including the usual types 
of studies in limnology (or as some prefer, freshwater oceanography), including 
water temperatures, currents, chemical constitution, bottom sediments, meteor- 
ological interaction, wave generation and seiches. In 1958 work was concentrated 
on Lake Ontario where the summer Lake climate was thoroughly examined, and 
the circulation in the west basin was studied in detail. It is planned to continue 
with concentrated work in Lake Ontario in 1959, and to make a mid-summer cruise 
to Lake Superior and a fall cruise to northern Lake Huron (repetition of the May 
cruise referred to above). 

While the principal Canadian effort in study of the Lake waters themselves 
is being made by the physics section in Lands and Forests, there are a number of 
other important activities of other agencies that contribute to the limnological 
program, but which have independent and self-contained value. Some of these 
activities have gone on for many years; for example, the monitoring of Lake water 
levels by the Canadian Hydrographic Service, studies of boundary water quality by 
the International Joint Commission and of other waters by the Ontario Water Re- 
sources Commission, hydro-meteorological studies by the Meteorological Branch, 
and forecast of Lake levels by Ontario Hydro. In addition, some limnological 
observations are made by the Fisheries Research Board and the fisheries research 
biologists in Lands and Forests, especially the limnological studies of South Bay 
by the fisheries section. 

Geological research in sediments, shoreline processes and shore erosion, 
biological studies of bottom sediments and plankton, and studies of waves are also 
being made by the Universities of Western Ontario, McMaster, Toronto, Carleton 
and Queens. 

Canadian research on the Lakes is conducted, of course, in close associa- 
tion with American agencies and universities, and in some cases joint projects 
have been undertaken. For the most part, programs have been coordinated only 
informally, and the Canadian experience with the Great Lakes Geophysical Re- 
search Group is that informal coordination on the scientific and working level is 
the key to effective and simple liaison. 
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The Canadian research program on the Lakes has developed just at a time 
of great expansion of Federal oceanographic research in the Arctic, Pacific and 
Atlantic Oceans. Since the techniques and scientific problems of Lakes research 
are very similar, if much simpler, it is believed that the oceanographic program 
will be helped to the extent that oceanographers and technicians could be trained on 
the Lakes (more cheaply than in marine work). Instrumental work on the Lakes 
may also help in oceanography. In any event, the Lakes program will certainly 
profit from resurgence of marine research. 

It is only fair to say, in conclusion, that the Canadian geophysical research 
program on the Lakes came very near to foundering several times in the past five 
years. At the moment of writing its future is still uncertain. But if it does go 
ahead, the costs of research will be more than justified by better-informed manage- 


ment of the Lakes as the demands upon them increase with the growth of the Great 
Lakes region. 
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THE HYDRO-ELECTRIC POWER COMMISSION OF ONTARIO 


WINDS AND WATER LEVELS ON LAKE ERIE * 


Donald K. A. Gillies 


Meteorologist 
The Hydro-Electric Power Commission of Ontario 
Toronto, Ontario 


INTRODUCTION 


Prior to 1956 the flow of water from Lake Erie into the Niagara River was 
sufficient to provide virtually uninterrupted power production for both Canadian and 
American plants. As well, sufficient water flowed over Niagara Falls to meet the 
regulations of the International Board set up by the United States and Canada under 
the terms of the 1950 Niagara River Treaty (1). However, with the construction of 
the new 1.2 million kw plant by Ontario Hydro at Queenston which requires, for 
power production, about 60, 000 cfs out of a total long-term average river flow of 
about 210, 000 cfs, it became apparent that hourly and daily variations in Niagara 
River flow cause problems to the scheduling of power production. Figure 1 shows 


the variations in hourly river flow from 162, 900 to 330, 000 cubic feet per second 
during the week December 4-11, 1927. 


THE PROBLEM - VARIABLE LAKE ERIE WATER LEVELS 
AND NIAGARA RIVER FLOWS 


These short-term variations in water levels are not a new discovery. As 
early as 1899, Hayford (2) reported his observations which indicated that, during 
intense storms, wind and pressure were the main factors in causing the short-term 
changes in elevation up to 9 feet at Buffalo. Figure 2 illustrates the variations of 
the daily mean Niagara River flow about the monthly mean of 219,000 cfs. Since 
power production depends on Niagara River flow, the stage discharge relationship 
developed for the gauge at Buffalo by the United States Lake Survey is used to con- 
vert Lake level to river flow. This relationship indicates that a 1 foot change in 
elevation at Buffalo changes the flow in the Niagara River by about 20, 000 cfs 
(approximately 10 per cent of the average river flow). Recent variations of 100 
per cent are shown in Figure 2 where hourly flows varied from 162, 000 to 330, 000 
during December 1927. From this relation it may easily be calculated that a 3 foot 
drop in level of Lake Erie at Buffalo means that the discharge down the Niagara 
River is reduced by 60,000 cfs. This variation of river flow when converted to an 
equivalent electrical energy represents a loss in generation of 1, 200 mw which is 
approximately the electrical load of the whole Toronto Region. The use of a 
pumped storage reservoir helps to fill in these gaps of "low river flow" but should 
flow be reduced for long periods the pumped storage becomes depleted. One 
further critical factor affecting the value of water at Niagara is the construction of 
an equally large hydro plant at Lewiston, N. Y., whose requirement for water is 
also about 60, 000 cfs. 

Of course at the same time that the level of Lake Erie rises at Buffalo the 
level at Toledo falls by an amount usually less than at Buffalo. These changes in 
elevation at the western end of the Lake often cause problems to shipping in the 
Detroit River area. 

*Published in: Royal Meteor. Soc., Vol. 9, No. 1, 1959. (Ed.) 
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CAUSES OF CHANGES IN LAKE ERIE ELEVATION 


The main factors affecting the water surface elevations of Lake Erie are (3): 
1. The depth and shape of Lake Erie. 
2. The wind speed and direction. 
3. The seiche period and the state of the Lake at the beginning of 
the storm. 
4. The atmospheric pressure. 
5. The actual speed of cold fronts crossing the Lake from west to 
east. 
6. The relationship between water and air temperatures. 
Each of the above factors produces a positive or negative change on the level 
of the Lake surface. 
1. Depth and Shape of the Lake (see Fig. 3). The shallow depth of Lake 
Erie, which averages 70 feet, when compared to its length of 240 miles, makes it 
comparable to a very large saucer containing a thin layer of water. Wind velocities 
cause much larger deviations in water level on Lake Erie than on deep lakes such 
as Lake Ontario or Lake Superior. This, of course, is borne out in the equation 
relating total difference in elevation between the two ends of the Lake (4) called 
"set-up", and the wind stress as follows: 





Set-up = S = TsF where Tg, = surface stress caused by wind friction 
° gH on water 
F = fetch in miles 
® = density of water 
g = acceleration due to gravity 


H = undisturbed water depth (ft. ) 


This formula shows that the smaller the depth (H), the greater becomes (S). 
Furthermore, in a shallow lake there is less ability for the water, driven to one 
end of a lake by the wind, to return as an underwater current (3). 

The funnel shape of the east end of Lake Erie as compared to the rather 
broad end at Toledo probably accounts for the larger changes which usually occur 
in elevations at Buffalo rather than at Toledo during any particular storm. 


2. Wind Speed and Direction. The wind speed is related to the wind stress 
mentioned above by the following (4): 


wind stress 


tT * Koav2 where Ts 
K = coeff. of wind stress 
pe = density of air 


v2 = component of the wind down the 
lake axis 


To obtain the wind stress acting on Lake Erie, we have used an average of 
four wind stresses calculated from wind readings at Buffalo, Erie, Cleveland and 
Toledo. Although Keulegan (3) has suggested that a weighted mean should be used 
in assessing this average wind stress and although there have been occasions in our 
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study where this weighted average would have fitted our data better, no conclusive 
proof was available to produce a completely acceptable weighting. Our observations 
show that the occasions when this weighting is desirable occur with frontal systems 
or wind shift lines located somewhere across the Lake. 

From the hourly meteorological reports, the wind speed and direction are 
tabulated, the separate and average stresses are calculated according to the above 
formula and compared to the corresponding hourly lake level. The wind stresses 
at Buffalo and the hourly levels of Lake Erie at Buffalo and Toledo are shown in 
Figure 4. 

Using a suggestion by Keulegan (3) the average wind stress is calculated for 
6 hours preceding the hour in which the maximum change in lake level occurred. 
This averaged wind stress then should bear some relation to the deviation of the 
lake level from its state of rest or its position before the wind increased its 
velocity or changed its direction. This relation will be discussed later. 

3. Seiches and Seiche Period. The surface of a‘lake is never at rest. 
Winds blowing along a lake surface produce a rhythmic short-term oscillation of 
the lake level - such oscillations are called seiches, so named by the Swiss who 
first noted these oscillations on Lake Geneva. (For examples of seiches on Lake 
Erie, see Figure 5.) The period of the seiche caused by the winds on Lake Erie is 
easily obtained from the records to be between 14 and 15 hours for the primary 
oscillation. However, it is equally easy to see from the records that the lake does 
not always oscillate with this 14-15 hour periodicity. Hayford noted periods of 4 
and 13 hours and Keulegan (3) mentioned only a 4 hour seiche period. There are 
several explanations for the 4 hour seiche, which has more nearly a 3-4 hour 
period. One is that it is the first harmonic of oscillation of the primary seiche, the 
second is that it is a separate seiche occurring in the region of the lake between 
Buffalo and Long Point Bay, or it may be a complex combination of these. Another 
possible explanation has recently been advanced by Donn (5),who suggests that edge 
waves may produce these abnormally high water levels at Buffalo. In analyzing 
past data and also during those times when our forecast was not as correct as we 
wished, it could be noted that the secondary seiche with a period of 3-4 hours was 
often present. Although with easterly and south-easterly winds over Lake Erie, a 
seiche between Long Point Bay and Buffalo is possible, no direct proof of its 
occurrence is available. A water level recorder recently installed at Port Dover 
in Long Point Bay may help to clarify this problem of secondary seiches. 

4. Seiche Decay Rate. Another useful fact which has been gleaned from 
the records involves the rate of decay of seiches on Lake Erie. When forecasting 
the levels of a lake surface, displaced from its place of rest, the effect of the 
inertial force of this displaced lake must be considered first before we consider 
the effect due to wind and/or pressure. 

By choosing data from an oscillating lake under little or no wind stress, an 
average value of .65 as a decay ratio between adjacent displacements from the 
“calm level" of the rest of the lake has been obtained. As the name implies, 
"calm level" of the lake is the level which the lake would assume if no forces were 
acting on it. If the wind suddenly stopped blowing when the lake was 6 feet above 
its "calm level" it would be expected to drop 3.9 feet below normal in 7 hours (1/2 
seiche period) and rise to about 2-1/2 feet above normal in 14 hours. 

5. Cold Fronts Crossing Lake Erie. During those hours when a cold front 
moves eastward with a speed of about 35 miles per hour, there is an unexpectedly 
large increase in the level of Lake Erie at Buffalo. This is probably due to the 
superposition of the wind and seiche effects which are in phase as they move down 
the lake. This resonant coupling has been impossible to assess for use in fore- 
casting, but the presence of a higher water level at Buffalo than would normally 
be expected with the velocities present during the storm suggests this super- 
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position relationship. Others (5,6) have suggested some of these effects may be 
caused by edge waves. 

6. Water-Air Temperature Relationships. Sailing boat enthusiasts appre- 
ciate the effect of cool lake water on very warm summer air which tends to produce 
much lower wind speeds over water than would normally be expected from the 
pressure gradient on a weather map. Conversely when cold air blows over warmer 
water, wind speeds.at the water's surface are greater than a forecaster might 
forecast from his weather map. 

This theory was borne out in fact in our March records 2s 50-60°F tempera- 
tures south of Lake Erie blown along by a 20-30 mph south wind appeared at Clear 
Creek as a foggy, nearly calm day after passing over water at 32°F. Hunt (7) has 


produced a useful relationship which combines water and air temperatures, land 
and water winds. 


EMPIRICAL RELATIONSHIP BETWEEN WIND STRESS AND LAKE LEVELS 


A plot of the 6 hourly-average-wind-stress and the deviation of the lake from 
its "calm" level is shown in Figure 6. It indicates a useful relationship between 
these two variables. Although there is considerable scattering of points about the 


least squares line the relationship is used as a guide in estimating future elevations 
and Niagara River flows. 


METHOD OF FORECASTING LAKE LEVELS 


Let us assume that the levels of Lake Erie at Buffalo for the next 14 hours 
are requested. In order to proceed, the following information is obtained: 

a. The "calm" level of the lake, which is defined as the elevation of the 
lake if no external forces are acting on it, is obtained. This is obtained by keeping 
an up-to-date graph of daily mean elevations. By paying most attention to mean 
levels with little or no wind present, a satisfactory calm level can be chosen. 
Seasonal variations in lake level make it necessary to keep an up-to-date ''calm 
level ." 

b. The hourly elevations at Buffalo for the immediate past 14 hours are 
plotted. This plot allows one to assess what effect, due to seiche action, should 
be used to determine future elevations. From the seiche-decay relationship of 
.65 mentioned earlier we know that the lake level, if already above its calm level 
and falling, will go below the calm level if there is no wind stress to prevent it. 

c. A forecast of the 6 hourly average wind stress over the: lake for the 
forecast period is made. These stresses are calculated by taking the wind direc- 
tion and speed as forecast by the Toronto Malton Dominion Public Weather Office 
and adjusting it to produce average conditions over the whole lake. Since the 
weather office tries to forecast maximum winds, at water level, their forecasts 
are usually much greater than average winds over the whole lake as measured at 
land stations, and used in our relationship. We have found in general that the 
forecast wind stresses are about twice as strong as the actual wind stresses 
calculated from the winds at shore stations. This difference varies by season and 


Hunt (7) produced a table showing variations in effective wind stresses according 
to differences in air and water temperatures. 


SHORTCOMINGS 


Although this method gives a satisfactory guide as to how high or low the 
hourly lake elevations will reach up to 36 hours in advance, there are times when 


the forecast becomes completely out of phase with reality, and the explanation for 
these conditions is not apparent in all cases. 
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One of the main problems is the inaccuracy of the lake level change - wind 
stress relationship developed from winds at elevated land stations. More knowledge 
is required of the actual winds at water level over the Great Lakes for a given 
pressure gradient under all humidity, temperature and seasonal conditions. Hunt 
has brought some knowledge in this field - it remains now to see if it is a workable 
relationship. 

As mentioned earlier, the seiche period, whether 14 hours, 7 hours or 
some combination of these, is a difficult factor to assess consistently. 


CONC LUSION 


With reasonably accurate forecasts from a weather office and the relation- 
ships I have mentioned, it is possible to produce an operationally useful forecast 
of lake levels at Buffalo and Toledo. These forecasts have been very useful to 
Ontario Hydro in the hourly and daily scheduling of our hydraulic and steam gen- 
erating requirements for the past three years. Itis hoped that a mathematical model 
which treats the lake as an oscillating pendulum moving in a viscous medium can 
be satisfactorily programmed on our computer to give regular lake level forecasts 
(8). The most critical and one of the least known variables to be used in this model 
is the wind stress actually acting on the lake. Harbour Authorities and shipping 
interests at the west end of Lake Erie might be interested in such a simple system 
to help solve their problems of varying lake levels under high westerly wind con- 
ditions. Perhaps actual forecasts of winds on Lake Erie from weather offices 
could be accompanied by an indication of the changes in the lake elevation to be ex- 
perienced by such winds. As well, it is not improbable that a notice could be 
written on navigation maps stating, for example, that when winds are westerly 30 
miles per hour the level at Toledo harbour may drop 4 feet to 5 feet. 
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LIMNOLOGY AND THE SANITARY ENGINEER 
Russell L. Johnson 


Engineer in Charge, Northern Peninsula Office 
Michigan Department of Health 
Escanaba, Michigan 


Engineers in the public health or consulting field often must recommend the 
construction or improvement of facilities they believe necessary to safeguard 
public water supplies and/or bathing beaches along the Great Lakes. After the 
additional protection is provided, they must decide whether the improvements were 
adequate. In both cases they probably should be able to support their opinion by 
quality tests of the water involved. Yet the results of such tests at times may run 
contrary to expectations and throw doubt on laboratory techniques or the textbook 
principles that ought to apply. The following paragraphs point out some possible 
reasons for such results and indicate areas in which more knowledge of the 
limnology involved would be welcomed by the sanitary engineer. 

Numerous examples of erratic results are furnished by the writer's ex- 
perience in the Northern Peninsula of Michigan, especially at Menominee. This 
city's water intake and bathing beaches are located on Green Bay near the mouth 
of the Menominee River, which receives the effluents of the municipal sewage 
treatment plant and a similar plant on the Wisconsin side of the stream. 

The adoption of improved facilities for sewage collection and disinfection by 
both municipalities followed our finding the raw water on many occasions with coli- 
form indices of 240,000 per 100 ml. Part of the subsequent improvement in quality 
could have resulted from elimination of a lift station, located north of the water 
intake, which was pumping raw sewage direct to the bay. However, after ''split" 
chlorination at the Menominee sewage plant began in 1955, the coliform density of 
the raw water dropped to levels which were the lowest in ten years. 

Such progress could represent evidence that the engineer's recommendations 
were sound, an interpretation pleasant to contemplate. According to the record, 
however, there were occasions when the reverse seemed true. For example, 
coliform indices of the raw water during May of 1956 gave a statistical mean value 
of 360 per 100 ml, the highest for any May in the 12-year period of comparison. 
Even in 1958, the coliform density some months exceeded that of the city's settled 
and chlorinated sewage. 

To this record of conflicting evidence may be added the fact that the mean 
coliform density in the raw water here was only 7.3 per 100 ml in May of 1951, or 
before many of the above mentioned improvements were made. Thus it appears 
that the drinking water source would be of excellent quality at times, even if the 
sewage from both cities were to be discharged to the river without treatment. 

At another purification plant using water from Green Bay, the raw water 
of best quality often was associated with lower temperatures, and vice versa, as 
illustrated by summer bacteriological data on the supply for Escanaba (Table 1). 
Therefore, plant operators at Menominee were encouraged to make at least one 
reading each day of the raw water temperature which, because the pumps operate 
continuously, probably provides a fairly accurate picture of conditions at intake. 
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Table 1 - Raw Water Temperature vs. Bacteriological Quality 
Escanaba, Mich., 1957 
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level. Such readings do not yield the temperature-depth data that a limnologist 
would obtain by lowering a reversing thermometer. However, they have certain 
advantages. They permit determinations of temperature and other characteristics 
of the subsurface environment at any hour of the day or night, regardless of the 
weather or season. 

The presence of a thermocline has been reported (4) from Lake Ontario and 
was amply demonstrated by Ayers et al. (1, 2) in both Lakes Huron and Michigan. 
According to Ruschmeyer (8), whose study of Lake Superior included observations 
at near-shore stations, the extensive periodic fluctuations in the temperature of 
the intake water at Duluth were found to reflect thermocline movements in the 
vicinity. Therefore, it seems reasonable to expect summer stratification in Green 
Bay. 

Such stratification might have produced a thermocline in the bay at 
Menominee in May of 1951, when the average temperature at intake level was about 
50°F. The same should be true almost every year in June, which is the season of 
highest color concentration in the Menominee River and of least color and coliform 
density in the raw water. At this season of the year, evidently, the community's 
drinking water is obtained from a point below the thermocline, which serves as a 
natural barrier to pollution. Such a barrier would account for the low summer 
incidence of typhoid fever found here by McLaughlin (5) in the early days before 
sewage treatment, when the city's water supply was neither filtered nor chlorinated. 

The marked improvement in quality of the water from below the thermocline 
appears comparable to that obtained by increasing the horizontal distance between 
the intake and the point of pollution, a step actually taken years ago at some other 
communities in the peninsula to avoid or postpone sewage treatment. 

Due to on-shore winds, the raw water at Menominee may show periodic 
increases in temperature, pH, and coliform concentration which indicate temporary 
depressions of isotherms. During these depressions, when the drinking water 
probably comes from the well mixed layers above the thermocline, the raw water 
tests may give a fairly accurate picture of bacteriological quality at the nearby 
public bathing beaches. However, a separate sampling program may be needed to 
determine the safety of swimming places, which ordinarily would not have the 
natural protection afforded by stratification and other limnological phenomena which 
apparently determine the paths of pollution. 

As the season progresses, the daily raw water tests for temperature and 
coliform organisms indicate a gradual lowering of the thermocline to a point below 
intake level. This fact suggests the public health advantages of increasing the in- 
take depth. This step was taken in the early 1900's at Marquette, where the 
summer quality of the Lake Superior source usually is excellent, and more recently 
at St. Ignace on the Straits of Mackinac. At the latter city, after a new and deeper 
intake line was placed in service early in 1955, the bacteriological quality of the 
raw water was the best in years. 

Yet at intake level in the bay off Menominee, low color and high pH readings 
persist through August, when the average raw water temperature may be as high as 
70°F. These characteristics indicate that some factor other than a thermocline 
keeps the river water away from the intake. Water temperature records over 
several years indicate that the factor probably is the lower density of the warm 
river discharge which causes it to flow out to the bay near the surface. The sur- 
face currents probably also exist in the late fall and winter when the river water is 
colder and lighter than water in the bay. They should result in dispersion of pollu- 
tion. When the volume of river discharge is high, such currents undoubtedly set up 
a subsurface return flow that brings relatively pure water from offshore past the in- 
take en route to the river mouth. This flow pattern, which has been found elsewhere, 
should cause the bacteriological quality of the raw water to improve with increases 
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in the volume of river discharge, and vice versa. Support for this conclusion lies 
in the stream gauging records of the U. S. Geological Survey. They show an ex- 
tremely low flow in the river during the dry month of October 1952, when the mean 
coliform density in the raw water at Menominee reached the record figure of 

43, 000. 

The theory may also be supported by the previously mentioned evidence that 
bacteriological quality during the winter of 1955-56 was quite good. Part of the 
quality improvement may have been due to a combination of fall rains and, as ex- 
plained in a subsequent paragraph, winds from directions which helped keep the 
river water from reaching the intake. 

The trend for the coliform population to reach a peak during October or 
November at Menominee is shown in the logarithmic plot of results for the 13-year 
period 1945 through 1957 (Fig. 1). The change has been attributed to the thermal 
mixing action which accompanies the fall overturn. However, it always is ac- 
companied by a corresponding increase in the concentration of color in the raw 
water, probably due to a rising proportion of river water as it cools and attains a 
density equal to that in the bay at intake level. The poor quality at this time every 
year seems to illustrate a principle described by Hutchinson (3): "If the river 
water corresponds to an intermediate density, it will remain as a discrete layer in 
the middle depths of the lake...."' 

The period during which the calculated density of the river discharge ex- 
ceeds that of the bay water might be referred to as the ''Fall inversion." It is 
characterized by raw water color readings as high as 60, which in early November 
of 1954 equaled those made the same day on water from the Menominee River. 

During the "inversion", however, the color content of the raw water is 
subject to considerable fluctuation and may amount to only a fraction of that in the 
river discharge. According to the last-mentioned author, in large lakes in the 
Northern Hemisphere the discrete layer of river water "will tend to the right, 
owing to geostrophic forces. "' On some autumn days this tendency evidently is strong 
enough at the latitude of Menominee (45°06') to deflect the river water to the south, 
or away from: the intake. 

The 1954 studies of the Great Lakes Research Institute on Lake Huron (1) 
found the tendency towards a clockwise deflection to be exhibited throughout the 
summer in the water leaving Saginaw Bay. Therefore, the earth's rotation may 
usually affect the course taken by the Menominee River discharge. If so, it may 
help explain why the water supply of the Wisconsin city of Marinette has for many 
years been obtained from the Michigan side of the river mouth. 

Yet there are times when such fluctuations in quality continue after the 
temperature readings indicate a river water density low enough to permit its flow- 
ing out to the bay above the water at intake level. During December of the same 
year, for example, the color peaks and troughs occurred at intervals of 4 or 5 
days. The changes do not appear due to sudden variations in the volume of river 
discharge, nor to some factor such as a longitudinal seiche which would cause the 
entering water to flow northerly at certain times and southerly at others. The fact 
that both the river and bay water showed the lowest color readings of the month on 
December 12 suggests a common cause. These and other low readings on the raw 
water were obtained following winds for two to four days from the West, or from 
the land side of the bay. 

As has been observed at many points around the Great Lakes over the 
years, such winds transport the surface water away and cause its replacement by 
subsurface movements toward the shore past the point where intakes are usually 
located. During the summer and early fall months at Marquette, these movements 
are reflected by water temperature fluctuations of 15 to 20°F in a single 24-hour 
period at an intake depth of about 65 feet. Thus they probably account for the 
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Fig. 1 - Mean coliform density in raw bay water at Menominee, Mich., 1945-'57. 
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considerable variations reported by Ruschmeyer et al. (7), in lake level and bac- 
terial density of the waters near Duluth and for similar changes Nasmith and Adams 
(6) found at Toronto. 

At Menominee, offshore winds probably constitute an additional protective 
influence on bacteriological quality at the city's bathing beaches, as well as at its 
source of drinking water. An example of the quality improvement which can occur 
in the raw water withwest or northwest winds is provided by results of the daily 
tests for coliform organisms during October 1953. The "counts" were 930, 000 on 
the 26th, 24,000 on the 27th, 2,400 on the 28th, and 240 on the 298th. The improve- 
ment was not permanent, however, as the coliform indices increased thereafter 
and were fairly high on some days that winter, when the annual ice cover did not 
appear at Menominee until January. 

Even under the ice, the bacteriological quality of the raw water is subject to 
sudden and marked deterioration. In late February of 1954, when rains accompanied 
a winter thaw, the coliform indices over a 4-day period ran as high as 43,000. The 
run-off flushed tons of solids into the city's sewage treatment plant and evidently 
created a density current which carried appreciable quantities of these solids direct 
to the municipal water intake. Fortunately, the water supply at Menominee is 
coagulated and filtered, as well as chlorinated. However, many municipalities 
using water from the Great Lakes still rely on disinfection alone to handle such 
pollution. 

Evidence that density currents or other limnological phenomena have im- 
portant effects on raw water quality may be provided by recent experiences else- 
where. Results of routine tests for intake water temperature at more than a dozen 
water treatment plants around the peninsula have been tabulated in monthly sum- 
maries since 1955. Those for certain months of the past winter, which was one of 
the unusually thick ice cover on all three of the Great Lakes represented in the 
summaries, show the average water temperature at some Lake Superior plants as 
2 to 5 degrees above normal. 

At one of these plants during February and March 1959, the raw water fre- 
quently showed the presence of phenols, a waste product discharged into a small 
stream entering the lake over a mile away. The water intake, although about 65 
feet below the surface and some 3, 000 feet from shore, evidently is situated where 
it receives these wastes due to density currents and the deflective effect of the 
earth's rotation. 

A large portion of the city's raw sewage was discharged into the same 
stream until facilities for its interception and treatment were provided in 1953, and 
during a subsequent month when operation of one sewage interceptor was temporar- 
ily interrupted. Under these conditions, the bacteriological quality of the raw 
water was apt to be quite poor. The findings here indicate that such factors as de- 
flection and density currents should guide the designer even in selecting the site for 
an emergency overflow point for a "combined" sewer system. 

The foregoing paragraphs account for only some of the limnological factors 
which affect the pollution of public bathing places and water supplies along the Great 
Lakes. They should not be construed as evidence that efforts to control pollution 
are without avail. Except for such efforts at Menominee, raw water quality there 
during the first quarter of 1959 might have been worse, instead of better, than that 
of the corresponding period of any year since 1945. 
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PREFACE 


This compilation is an attempt to bring together the geologic reference 
material of the Great Lakes and their drainage basins written between 1950 and 
1958. It is hoped that revisions from time to time will keep it up to date as well 
as fill in the titles which have been inadvertently left out. 

This is a general author index for the five lakes and their drainage basins. 
Insofar as possible, unpublished masters and Ph. D. theses were included, but I 
realize that there are omissions in this category as well as in the published 
material. I hope that recipients of this bibliography will send any additions to me 
so that they may be added in the next revision. 

No subject index was attempted for this first list, but eventually I hope to 
expand the bibliography in this direction. Also, a list of geologic maps will be 
attempted at a later date. 

The present papers include contributions in the following fields: 

(1) General areal geology 

(2) Pleistocene geology and geomorphology 
(3) Bedrock geology 

(4) Economic geology including ground water 
(5) Sedimentation 

(6) Geophysics 

(7) Engineering geology 

A valuable addition for the next edition would be the inclusion of soil sur- 
veys and maps, since they are being used more and more in the field of Pleistocene 
geology. 


(Acknowledgments contained in the original bibliography have 
been omitted. Copies of the complete bibliography with sub- 

division by lake basin may be obtained from Dr. Zumberge or 
from the Great Lakes Research Division. Ed.) 
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STATUS AND PROGRAMS 


John C. Ayers 


Great Lakes Research Institute* 
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Ann Arbor, Michigan 


The Great Lakes Research Institute began its active research program in 
1954; since then it has carried on a continuing and rather large group of Great 
Lakes studies. Its financial support is derived in part from funds of the University 
of Michigan and in part from research grants or contracts. In the years since 
1954 its budget has varied from $17, 000 to $40, 000 and its staff has varied from 
three to eight. Most of our larger studies have been possible only by donations of 
time and effort by members of the Institute's Council and by interested graduate 
students. 

The Institute carries on two series of publications: a Contribution series of 
papers in professional journals of which the reprints are distributed periodically 
under our own cover; and a Publication series of larger papers which are published, 
with all their data, by the Institute at irregular intervals. Miscellaneous publica- 
tions of conference reports, non-technical abstracts and the like are issued from 
time to time as they are available, but these are not parts of either publication 
series. 

Several studies have recently been completed; the results of some of them 
are presented here. One is a study of water volume transports in the Straits of 
Mackinac region of Lake Huron. Originally designed as a test of the efficacy of 
the dynamic height method in computing water transport in a complex region, it 
has produced an unexpected and hitherto unobtainable estimate of the net inflow 
into Lake Huron from the Lake Huron watershed. 

The essential methods of this study were the synoptic survey followed by 
the dynamic height computation of volume transport. The area studied is shown 
in Figure 1. On 17 August 1956 after a period of westerly winds, one boat made 
two transects (sections B and C) at the level of the east end of Bois Blanc Island. 

A second vessel covered Detour Passage, False Detour Passage, Mississagi 
Strait, and then made the long transect (Section A) from Mississagi Strait to 
Hammond Bay. Complete synopticity during the coverage of the study area was 
spoiled by a southeast wind which arose late in the day when the second boat had 
not yet completed Section A. This easterly wind reversed the normal current along 
Hammond Bay and produced an excess of flow into the study area. The computa- 
tions show that 980, 000 cubic feet per second of water were entering through sec- 
tions B and C, Detour, False Detour, and Mississagi Strait (all these measure- 
ments were made hours before the rise of the southeast wind). It is reasonable to 
consider that the temporary balanced-state that obtained during the day, but was 
upset by the southeast wind, is adequately represented by the condition of equal in- 
flow and outflow, i.e., 980,000 cfs in from the sources above, and 980, 000 cfs out 
to the east through section A. 


*After 1 April 1960 the Institute will be the Great Lakes Research Division of the 
Institute of Science and Technology. 
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Computations of the oscillatory volumes moving in the Lake Michigan-Lake 
Huron uninodal seiche indicate that, of the 980, 000 cfs total movement, 853, 000 cfs 
are involved in the oscillatory motion of the seiche and do not enter into the net 
movement through the lake. The difference, 127,000 cfs, is the combined inflows 
from Lakes Michigan and Superior of which 72,000 cfs were gaged as the outflow 
of Superior on this day, leaving 55, 000 cfs as the inflow from Lake Michigan. The 
outflow from Lake Huron through the St. Clair River on 17 August 1956 was 198, 000 
cfs; of this 127, 000 cfs were the inputs of Lakes Michigan and Superior, leaving 
71, 000 cfs as the net inflow into Lake Huron from its own watershed. * 

For the past two years the Institute has been working with the U. S. Fish 
and Wildlife Service under a research contract in an evaluation of the many onshore 
and near shore sources of water and weather data. The purpose of this study has 
been to assess the usefulness of these "collateral" data sources in studies of the 
aquatic environments of the Great Lakes. A total of 1177 sources of data have been 
located, of which 1129 are sources of usable data. The results of this study are 
available in final-report-of-contract form and are in press as a Special Scientific 
Report of the U. S. Fish and Wildlife Service. 

During 1959 a pilot study of the usefulness of collateral data in studies of 
Lake Erie has been carried out. In this study special effort has been made to de- 
termine whether any of the collateral data sources are sufficiently representative 
of water conditions in the open lake to be used as stations at which to "watch" con- 
ditions of open lake waters when there are no offshore cruises to provide such data 
directly. By comparisons of water data from shore sources with water data from 
offshore it has been possible to assess the representativeness of the several data 
sources along the south shore of Lake Erie. The results indicate that not all the 
data sources are representative of open-lake water; the common reason for failure 
of representativeness is local runoff from tributary streams which reaches the in- 
takes and is sampled. 

The initial step in the pilot study consisted of the synthesis of a "normal" or 
"average" current pattern for Lake Erie. Offshore cruise data obtained by the 
Buffalo Museum of Science, by the Franz Theodore Stone Laboratory, by the U. S. 
Fish and Wildlife service, and by the University of Western Ontario were utilized 
in the synthesis of the normal current pattern. The arrangemeni of surface cur- 
rents which most satisfactorily explains all the parameter distributions available 
is shown in Figure 2. This pattern indicates that water from the west end of the 
lake comes to the south shore east of the island region, while that from the central 
basin comes to shore near Erie, Pa. , and that from the eastern basin most likely 
approaches shore near Buffalo, N. Y. 

After all the data sources around the western basin were eliminated by 
discovery that they were affected by local runoff, and after others east of the 
island region were eliminated for the same cause, Lorain, Ohio, was left as the 
onshore data source most representative of the waters of the western end of Lake 
Erie. Figures 3 and 4 give the comparisons of alkalinity and turbidity from 
Lorain and the Bass Islands region. During the dry years 1938-40 alkalinity at 
Lorain was a better indicator of Bass Islands alkalinity than was the case in the 
wet years 1943-45. Turbidities at Lorain and in the Bass Islands were in good trend 
agreement and the use of an adjustment factor allowed still further refinement of 
the agreement (see Fig. 4). 

Comparisons of data from Erie, Pa., with offshore data from the central 
basin indicated that Erie was a suitably representative station for chemical para- 


* This paper has since been published: Powers and Ayers, 1960, in vol. 5, No. 1 of 
Limnology and Oceanography. 
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meters of the central basin; it however, is subject to local effects that hinder the 
direct usability of its temperature and turbidity data. 

At the time of the pilot study the only data source of any duration in the 
eastern end of the east basin was the filtration plant at Woodlawn, N. Y. Woodlawn 
possesses obvious limitations apparently due to local industrial wastes. Better 
sources would appear to be the Niagara-Mohawk power plant at Dunkirk, N. Y., or 
the water plant at Buffalo. (Ed. Note: Buffalo is now a part of the U. S. Public 
Health Service's national network of basic water-quality stations and will be taking 
observations on a number of useful parameters. ) 

In searches for indices of past condition of the aquatic environment, fairly 
substantial amounts of data on lake levels prior to 1860 have been discovered. The 
present hydrograph of lake levels, put out by the U. S. Lake Survey, in extending 
back only through 1860 does not reach into the period when the Great Lakes water- 
sheds were in essentially full-forest condition. The old data allow the delineation 
of periods of high and of low lake levels back to 1796. Accuracy of the figures falls 
off as one goes into the period earlier than the high-water of 1838, but appears to 
be adequate back to the low-water of 1819-20, and at least approximate figures can 
be deduced back to 1800-02. The data are presented as an auxiliary hydrograph in 
Figure 5. 

Dominant high-waters are indicated in 1858-59, 1838, 1815-16, and pro- 
nounced low-water stages are indicated for the years 1819-20, 1809-10, and 1796 
(for the latter no numerical value can be deduced). Also indicated is a progressive 
downward trend in lake level from 1860 to 1809-10. The meaning of the latter is 
not known. 

As a part of a program of assembling the most complete possible back- 
ground on the past environment in Lake Erie, a search for chemical analyses of 
Lake Erie water was made. Suitable data of this type are not abundant, but enough 
were found to allow us to construct trend lines for several chemical parameters 
from 1854 to the present. The results clearly show a changing Lake Erie water 
chemistry (Fig. 6). 

During the past year we have brought to completion a study of the bottom 
sediments and bathymetry of the Straits of Mackinac region. This study is basic 
to others in both the Pleistocene geology and the modern biology of the Straits 
region. The study covers more than 640 square miles of the Straits region and ex- 
tends from upper Lake Michigan to well beyond Bois Blanc Island in upper Lake 
Huron. The areas covered in this study are shown in Figures 7 and 8. 

The study involved preparation of a detailed bathymetric chart, the taking 
of 798 bottom (grab) samples, mechanical analyses of 537 of the total samples, 
computation of descriptive moments of the analysed samples, in addition to de- 
scriptive field "reading" of the sediment type of each sample. 

Results of the mechanical analyses, divided into "sand and larger", "silt", 
and "clay", when plotted on a modified triangular graph (Fig. 9) reveal character- 
istic differences in the sedimentary regimes of the component parts of the Straits 
region. 

Samples from upper Lake Michigan ranged from sand through clayey sand, 
sand-silt-clay, sandy clay and silty clay, to clay in a characteristic irregular band 
which is outlined in the left-central illustration of Figure 10. Samples from Lake 
Huron (upper left, Fig. 10) exhibited a characteristic hooked distribution concen- 
tration which ranged from sand through silty sand, sandy silt, and sand-silt-clay 
to clayey silt. 

The current-swept South Channel region, between Bois Blanc Island and the 
Lower Peninsula, (right center of Fig. 10) contained sediments which fell into 
both the Lake Michigan pattern and the Lake Huron pattern. In deeper areas the 
sediments followed the Lake Huron concentration pattern; in shallower portions 
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LAKE ERIE, CHEMISTRY 1854-1956 — 
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Fig. 6. Chemical levels in Lake Erie, 1854-1956. 
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they followed the Lake Michigan pattern. The Straits area of Lake Huron (upper 
right, Fig. 10) also followed this double pattern. The latter is also an area of 
strong current to the east. 

The widened portion of upper Lake Huron, lying north of Bois Blanc Island, 
is responsible for the heavy concentration of samples in the sand-silt range which 
characterized the composite of all the Lake Huron samples (see lower left, Fig. 
10). 

The facts that silts appear to be scarce or absent from all but the deep 
parts of current-swept areas of the Straits, and that they are dominant in the wider 
parts of the region, are interpreted as indicating that the long-period dominant 
bottom current regime is eastward. It is also taken as indicative that the current- 
swept areas are worked by the currents, with removal to eastward of the relatively 
non-cohesive and non-adhesive silts. Concentration of silts in the widened part of 
Lake Huron north of Bois Blanc Island is taken to indicate that the widening and 
deepening of the basin result in slowing of bottom currents with consequent deposi- 
tion of silts. 

Other Institute programs in various degrees of completion include: com- 
parisons of C14 primary productivity in Lake Huron and a series of smaller lakes 
of northern Michigan; the distribution of benthic animals relative to bottom com- 
position; a detailed study of the currents of Grand Traverse Bay; tests of methods 
of adapting primary productivity measurements to shipboard for survey application; 
and tests of instruments for the aseptic sampling of deep-water bacteria. 
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REPORT OF ACTIVITIES 


Ernest F. Brater 


Professor of Hydraulic Engineering 
The University of Michigan 
Ann Arbor, Michigan 


The University of Michigan Lake Hydraulics Laboratory was established in 
1947 by the Department of Civil Engineering and the Engineering Research Institute. 
The laboratory is located in Building 42 at Willow Run Airport. Its principal 
facilities are two wave tanks together with wave generating and wave measuring de- 
vices. One tank, having the dimensions 54' x 90' x 3', was built in 1947 and the 
second one, 40' x 86' x 3'10"",, was added in 1955. 

Models are constructed by the Plant Service Department of the University 
together with some student help. The staff for model testing is made up primarily 
of graduate students. However, full-time research engineers have been employed 
to provide supervision for several projects. All projects are carried out under 
the direction of a member of the faculty. The size of the staff has varied from two 
to six, depending on the magnitude of the projects involved. Work on any project is 
initiated by means of a contract with the University of Michigan Research Institute. 
The contracts provide for all the costs directly involved in a project as well as for 
sufficient overhead to take care of maintenance. 

The major portion of the laboratory activity has been devoted toa solution 
of wave problems related to harbors, beach erosion processes and off-shore struc- 
tures. A few studies dealing with the effect of waves on moored vessels have also 
been conducted. Another project was conducted to determine the magnitude and 
frequencies of wind tides at the west end of Lake Erie. This information was 
needed for the design of protective works at the Enrico Fermi Nuclear Power Plant. 

Harbors. Virtually all new harbors, as well as changes in existing ones, 
are based on model tests because the design factors are too numerous and too com- 
plicated to permit an analytical solution. The Lake Hydraulics Laboratory has 
conducted the model studies leading to the design of five harbors on the Michigan 
coast line. These studies were sponsored by the Michigan Waterways Commission 
and the Corps of Engineers of the U. S. Army. Three of the harbors, those at 
Port Sanilac and Port Austin on Lake Huron and the one at Black River on Lake 
Superior, have been completed. Future construction is planned for harbors at 
Hammond Bay and Harrisville. 

Other studies have been made to eliminate objectionable wave conditions in 
harbors on Lake Michigan, Lake St. Clair, Lake Erie and Lake Ontario. A paper 
based on these latter studies, entitled ''Methods of Correcting Wave Problems in 
Harbors", is scheduled for presentation on May 6, 1959 at the convention of the 
American Society of Civil Engineers. 

Beach Erosion. The laboratory staff is participating in a research pro- 
gram in cooperation with the Michigan Water Resources Commission for the pur- 
pose of developing methods of protecting shore areas from erosion. A close 
liaison is maintained with the U. S. Beach Erosion Board and other agencies 
carrying on research in this phase of wave hydraulics so that new techniques which 
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are applicable to the Great Lakes may be applied as soon as practical to problems 
in Michigan and adjoining states. The research has consisted of periodic observa- 
tions at approximately 50 erosion sites along the Michigan shore line. The effec- 
tiveness and durability of various protective methods have been observed and 
evaluated. This work has resulted in the preparation of three publications, ''Bibli- 
ography on Beach Erosion and Related Subjects’, ''Beach Erosion in Michigan" and 
"Low Cost Shore Protection for the Great Lakes. '"' The latter one has been widely 
distributed to property owners and consulting engineers who are faced with beach 
erosion problems. It provides information on shore processes and describes 
several types of low cost protective devices suitable for this area. 

Offshore Structures. The increased use of offshore structures for oil and 
sulfur wells and for radar stations has provided an impetus for research in this 
field. The Laboratory conducted a number of projects for the purpose of deter- 
mining wave forces on particular structures, under the sponsorship of several oil 
and steel companies. At the time that these studies were being conducted there 
was little basic information available regarding forces produced by oscillatory 
waves. Analytical methods could not be applied without further research. Con- 
sequently, a grant for the purpose of carrying out such research was sought and 
obtained from the Horace H. Rackham School of Graduate Studies. Additional 
financial assistance was provided by the Bethlehem Steel Company and the Shell 
Oil Company. A program of research was carried on which provided the informa- 
tion needed to compute the forces on structures of several typical forms. The re- 
sults of this research program have been published in the Proceedings of the 


American Society of Civil Engineers in a paper entitled 'Wave Forces on Sub- 
merged Structures." 
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AN IMPROVED TECHNIQUE FOR MEASURING WIND AND 
TEMPERATURE PROFILES OVER WATER AND SOME RESULTS 
OBTAINED FOR LIGHT WINDS 


Donald J. Portman 


Associate Research Meteorologist 
The University of Michigan 
Ann Arbor, Michigan 


INTRODUCTION 


An important aspect of the interaction between a body of water and the 
atmosphere moving over it is the relationship between wind speed and wave motion. 
A complete understanding of this complex interaction could yield significant prac- 
tical information on currents and waves as well as on turbulent transfer processes 
in the surface layer of the atmosphere. One approach to describing observed ef- 
fects has been to specify the horizontal stress of the wind on the water surface in 
terms of the mean wind speed at some arbitrary height. The subject has received 
considerable attention for years, but the results of the many experiments have 
failed to establish generalizations sufficiently accurate for significant practical 
application. 

Recently the subject has received increased attention. Neumann (1956) re- 
viewed and discussed measurement problems and summarized the findings up to 
that time with a relationship he had proposed in an earlier paper (Neumann, 1948). 
He concluded that the wind stress is proportional to the 3/2 power of the wind 
speed and that the drag coefficient varies inversely as the 1/2 power. In the same 
year Deacon, Sheppard and Webb (1956) (See also Deacon, 1957) published the re- 
sults of several experiments conducted by them in Port Phillip Bay and in Bass 
Strait (Australia). Their results led them to conclude that the drag coefficient in- 
creases steadily with increasing wind speed between 5 m/sec and 12 m/sec. They 
recommended further work of the type they had done to establish the results with 
more certainty. 

In a later paper, Neumann (1959) criticized the technique used by Deacon, 
et al., and further emphasized the serious measurement problems associated with 
stress determinations, especially for light winds. 

The conflicting findings of these separate investigators appear to be typical 
of the state of knowledge on the subject at this time for, as Neumann (1956, p. 211) 
has stated, "For light winds the values determined by different methods and by 
various authors differ by as much as a factor of 5 or 10, and the present evidence 
is so conflicting that at no wind speed is the wind stress known confidently within 
half its value." 


Three separate methods are commonly used to measure wind stress on a 
body of water (Neumann, 1956): 


(1) measurement of wind profiles (height variation of average speed) near 
the water surface; 


(2) measurement of the stationary vertical displacement of the water sur- 
face on an enclosed body of water; and 
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(3) measurement of the departure from the geostrophic wind of the wind 
in the friction layer. 

Deacon, Sheppard and Webb used the wind profile method but Neumann tends 
to place more reliance on the second method. The third method appears to be less 
reliable than the other two. 

An important consideration common to all three methods is the question of 
equilibrium between wind speed and state of the sea. The simplest situation, of 
course, is the steady equilibrium that can exist only in the absence of important 
changes in wind speed and direction. The depth of the water is important also 
since for shallow water waves the wind and depth act together in determining the 
shape of the wave surface. Most discussions of the subject have considered only 
the case of deep water waves in equilibrium with a steady wind. 

The wind profile method depends upon the logarithmic law, an essentially 
empirical relationship well established for wind tunnel work. Because the effects 
of thermal stratification on the shape of the wind profile are not understood, the 
profile method can be used only in the absence of a vertical temperature gradient. 

Other more subtle difficulties exist in the profile method, as pointed out by 
Neumann (1956). One is that the rotating cup anemometers are often inaccurate in 
fluctuating wind because of the inertia of the rotating parts. A second difficulty is 
that of determining the height of the instruments above the average water surface 
and, finally, there is the practical problem of supporting the instruments above 
deep water in a way that does not create interference to the natural flow pattern. 

Because the last three difficulties have not been entirely resolved by those 
attempting to measure the wind stress by the wind profile method and because of 
the availability of the unique facilities of the University of Michigan Great Lakes 
Research Institute, an attempt was made to refine the usual profile measurement 
method. The purpose of this contribution is to present a description of the equip- 
ment and technique that were evolved for light winds and the results that were 
obtained in the first trial. 


EQUIPMENT AND PROCEDURES 


Figure 1 is a sketch of the experimental arrangement. A modified spar 
buoy was made of three twelve-foot two-by-fours with the addition of lead weights 
at the low end and extra wood pieces at the upper end. Sufficient buoyancy was 
allowed to support a four-meter aluminum mast holding four anemometers and two 
shielded thermistor thermometers, with the lowest anemometer exactly 0.5 meters 
from a still water surface. The bridle to anchor could be adjusted, with a given 
wind and current condition, to maintain the buoy in a vertical position. 

The line between the buoy and the boat consisted of electrical leads for the 
anemometers and thermistors. The tending vessel was the 34-foot Naiad owned 
and operated by the Great Lakes Research Institute. It had more than adequate 
facility for launching and retrieving the instrumented buoy and for housing the 
electrical gear necessary for the measurements. 

Part of the instrument mast, a thermistor shield and the two lower anemo- 
meters are shown in Figure 2. The anemometers, manufactured by C. W. 
Thornthwaite Associates, were designed especially for wind profile measurement. 
The three-cup rotor of each anemometer weighed about 6 grams; the starting and 
stopping speeds averaged about 10 cm. per sec. The cup rotors were about 19 cm. 
in diameter and the individual cups were conical in shape with a diameter of 5 cm. 
One revolution of the rotor was equivalent to the passage of about 140 cm. of air. 

Rotor revolutions were counted by means of a miniature light source and 
photocell arranged within the rotor support. The photocell signal activated a dis- 
play counter through a transistor circuit. The four display counters and the 
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Fig. 1. Sketch of instrumented buoy and tending boat. 





Fig. 2. Section of mast showing anemometers and thermistor shield. 
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associated circuitry, forming a single portable unit, were housed in the boat during 
the experiment. The anemometer system operated from a 6-volt automobile storage 
battery. 

Thermistors at the 0.5 and 4.0 meter levels were mounted in thermal radia- 
tion shields of the type described by Portman (1957). The thermistors were en- 
cased in glass rods about 5 cm. long and 0.15 cm. in diameter. Temperatures 
were determined by means of a Wheatstone bridge with which one could read tem- 
perature directly with a precision of better than 0. 1°C. 


LOCATION AND DESCRIPTION OF THE FIELD TEST 


On the afternoon of August 26, 1958, suitable wind and weather conditions 
prevailed making it possible to measure wind profiles and temperatures for a four- 
hour period. The observations were made in northern Lake Michigan, about one- 
half mile northwest of the Charlevoix, Michigan, harbor entrance. At this point 
the water is about 35 feet deep and the lake floor slopes gradually downward to the 
west and northwest. The nearest land in the northwest quadrant from this point is 
Beaver Island, which is over 20 miles to the northwest. 

For the first two and one-half hours of observation, the conditions were 
unusually steady with a thin stratocumulus overcast. The wind was west-northwest, 
averaging 2 to 3.5 mps at a height of 4 meters. The waves were about 30 cm. high, 
crest to trough, and moving from the west-northwest. The lake surface was 
slightly warmer than the air with a temperature lapse averaging 0.25°C between 
0.5 and 4 meters above the water. During the remainder of the period the wind 
shifted to the west-southwest and southwest, causing a situation in which the waves 
were no longer moving with the wind. 

Anemometer revolutions were accumulated and recorded for fifteen-minute 
intervals and temperature data were logged several times during each interval. In 
this way, a total of 9 fifteen-minute average profiles were obtained during the 
period of steady west-northwest winds when the waves appeared to be in equilibrium 
with the wind. During the following period when the wind shifted, only 5.fifteen- 
minute profiles were logged. 

Anemometers and thermistors were calibrated and compared both before 
and after the August 26 observation period. The post-experiment comparison of 
the anemometers was, in fact, conducted on August 27 at the Charlevoix airport by 
placing the instruments on a horizontal support about 60 cm. above a flat and level 


surface covered with short grass. They were operated simultaneously for several 
fifteen minute intervals. 


EXPERIMENTAL RESULTS 


The corrected experimental data and derived wind profile parameters are 
listed in Table 1 and the wind data are plotted on logarithmic height scales in 
Figures 3 and 4. The profiles are numbered in the order in which they were 
measured. Corrections to the temperature data amounted to 0.1 degrees and the 


wind data were corrected by increasing observed values by the following percentages 
for the heights indicated: 


0.2% - 0.5 meters 
1.3% - 1.0 meters 
0.1% - 2.0 meters 


The corrections were determined from the results of the comparisons. 

In Figure 3, in addition to the observed data, are shown lines fitted by 
linear regression for the 9 successive equilibrium profiles. In Figure 4 the ob- 
served wind speed values for each profile are merely connected by straight lines 
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Table I. Wind and Temperature Data 
(15 minute averages) 


U, cm/sec. T, deg. C. u* Cp 
0.5m 1.0m 2.0m 4m |0.5m 4m (cm/sec)}] X 1 


PILING Hay a UREN 





since it was considered misleading to apply stright line regression to these data. 

From the lines shown in Figure 3 the average wind speed at 10 meters, 
Ujg, the friction velocity, u*, the drag coefficient, Cp, and the shear stress, T, 
were computed by the following defining relationships: 


u/u* = : In z + constant 


*\2 
Cn = ( 
p= (# 


T=pu*? 
in which vonKarman'snumber, k, was taken to be 0.40 and the density, p, to be 
1.2x 1078 gm./cm. In addition, Richardson numbers for the first nine periods 
were computed according to the method suggested by Lettau (1957, p. 239). All 
values were numerically less than -0. 5. 
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DISCUSSION 


Comparison of Figures 3 and 4 shows a distinct difference in profile char- 
acteristics for the two separate periods. For the equilibrium condition (Fig. 3) the 
data for all the profiles show remarkably close conformity to the logarithmic re- 
lationship. All data are within about 0.5 per cent of the linear regression lines. 
The maximum deviation is about equal to the average correction applied for in- 
strument response differences. 

The five following profiles (Fig. 4), on the other hand, deviate markedly 
from logarithmic patterns. Apparently these profiles reflect the fact that this was 
a transient period during which wave motion and wind speed were not in equilibrium. 
It is evident that such profiles could not be used to estimate shear stresses with 
much reliability. The remainder of the discussion, therefore, will be devoted to 
the results for the equilibrium period only. 

As noted above, there was a slight temperature lapse condition during the 
entire observation period. The data, however, do not show concave-upward curva- 
ture characteristic of wind profiles for stronger lapse conditions. This suggests 
that buoyancy effects were insignificant and that valid drag coefficients and shear 
stresses can be derived from these data with the simple logarithmic law. 

The question of the height of the anemometers above the water surface 
appears to be partially resolved by the technique of establishing the heights by 
adjusting the buoy in still water. This would establish a "mean" position for the 
wavy surface as long as the buoy remained vertical and at constant angle with re- 
spect to its bridle. With increasing wind speed the buoy would tend to lean and to 
sink lower than the still-water position. Apparently neither effect was significant 
for the observations reported. Had the effects been important the anemometers 
would have been lower and the data would show curved profiles similar to those 
expected for temperature lapse conditions. Such curvature, furthermore, would 
increase with increasing wind speed, a condition not evident in the data obtained. 

Little is known concerning the transient behavior of the anemometers ex- 
cept that limited laboratory tests have indicated that anemometers of the specific 
type attain 63% of a step-wise speed change with about one rotor revolution, i.e., 
with the passage of about 1.5 meters of air. By means of Schrenk's parameter 
(Schrenk, 1929) an estimate was made of the possible error in the 0.5 meter level 
data caused by wave-induced wind speed variations (see Neumann, 1956, p. 213). 
For a mean speed of 200 cm/sec at 0.5 meters, varying from 300 cm/sec at the 
passage of a wave crest to 150 cm/sec during passage of the trough, an error of 
less than 2% of the mean speed was estimated. It seems reasonable to conclude 
that the inertia effects of these anemometers would be insignificant in deriving the 
profile parameters given in Table 1. 


It is obvious from Figure 1 that the buoy supported the anemometers without 
significant interference to the air flow pattern, a distinct advantage over the com- 
mon scheme of mounting anemometers on masts and booms on ships or rafts. The 
technique has not been tested in strong winds and higher seas, but it seems reason- 
able to expect adequate performance with a buoy of increased size for these con- 
ditions. 

The computed drag coefficients are shown in Figure 5 with the relationships 
proposed by Neumann and by Deacon, Sheppard and Webb described earlier. It is 
clearly evident that these results support the findings of Deacon, et al., and, in 
effect, extend their relationship to lower wind speeds. 
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\ Drag Coefficient vs 10 meter Wind Speed ] 
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Fig. 5. Drag coefficients 
in relation to 10 meter 
wind speed. 
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CONCLUSIONS 


An improved experimental arrangement for accurate measurement of wind 
profiles over deep water was devised and tested. The technique and the instruments 
used appeared to obviate some of the important difficulties commonly encountered. 
The drag coefficients computed from equilibrium profiles in nearly adiabatic con- 
ditions support the idea that the drag coefficient increases with increasing wind 
speed. Profiles measured in transient conditions are likely to deviate significantly 
from the logarithmic relationship and, therefore, cannot be used to compute shear 
stresses and drag coefficients. 
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MICHIGAN WATER RESOURCES COMMISSION 


GREAT LAKES RESEARCH ACTIVITIES 
Norman Billings 


Chief, Hydrology Division 
Michigan Water Resources Commission 
Lansing, Michigan 


The interest of the Michigan Water Resources Commission in the Great 
Lakes derives from the statutory directives of Act 245, P.A. 1929 as amended by 
Act 117, P.A. 1949, as follows: 

Sec. 2 

"The commission shall protect and conserve the water resources of 
the state...." 

",.. and shall have control of the pollution of surface and underground 
waters... and the great lakes...." 

"The commission is empowered to make or cause to be made surveys, 
studies and investigations of the uses of the waters of the state...." 

Sec. 2A 

"The water resources commission is hereby designated the state 
agency to cooperate and negotiate with other governments, govern- 
mental units, and agencies thereof in matters concerning the water 
resources of the state, including but not limited to flood control and 
beach erosion control." 

Under these directives, the commission staff has been involved in two 
major categories of Great Lakes research - pollution control and beach erosion 
control. Most of its 19 technical staff members have engaged in this work at one 
time or another. 

The sources of funds are: 

1. Legislative appropriations from the state general fund. 
2. Federal funds allocated to state agencies under the provisions of 
P. L. 660, 84th Congress, for pollution control. 

The results of pollution control investigations are not published. In a large 
measure, staff participation in this work has been consultative, with the actual in- 
vestigation being conducted by staff of the industries respectively concerned in the 
various project studies. 

The results of beach erosion studies, which were carried on in cooperation 
with Dr. E. F. Brater, have appeared in part in a bulletin of the University of 
Michigan's Lake Hydraulics Laboratory entitled ''Low Cost Shore Protection." 

The basic intent of research in both these categories has been to identify 
the practical implications of the natural processes involved, for translation into 
immediately significant actions and policies. 

Pollution control research has.consisted of currents appraisal in the vicinity 
of proposed new waste disposals. Three recent studies have been made in Great 
Lakes waters. Another was conducted in the channel of the Manistee River between 
Manistee Lake and Lake Michigan where, in addition to visual observations of 
water movement, recordings were made of stage variations at the ends of a 
selected channel reach. The findings from this study may have general application 
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at the numerous similar sites in western Michigan where fairly large inland lakes 
discharge to Lake Michigan through short and constricted channels. Research at 
other sites in the Great Lakes will be needed when their use for waste disposal 
comes up for consideration. 

Staff activities in beach erosion control have consisted of field investigations 
of most critical erosion sites, an initial extensive inventory of beach erosion con- 
ditions, and subsequent annual or semi-annual revisits to widely separated repre- 
sentative problem areas. The findings from these field observations have been 
documented by reconnaissance reports but more importantly by a great number of 
photographs. Considerable consultative service has been rendered to affected 
property owners both by letter and by personal contact. Through a cooperative 
press, much general advice on the problems associated with beach protection has 
been brought to public attention and more recently a mail send-out to the boards 
of supervisors of all coastal counties reminded them of the dangers of building en- 
croachments onto the beaches during the current period of abnormally low lake 
levels. Two local beach erosion control clinics were held during the critical ero- 
sion period. 

Limited investigation has been conducted of beach and bottom conditions at 
selected index sites in cooperation with the Corps of Engineers. Similar and more 
intensive work by the commission staff, with or without the Corps' assistance, is 
planned at the site of a new break-water to be constructed on the shore of Lake 
Michigan near Grand Haven. 

It is our opinion that the long-range adaptation of beach usage to the exi- 
gencies of fundamental beach processes calls for a good deal of scientific inquiry 
into past manifestations of those processes and into the complex of the underlying 
causes. One apparently appropriate area for such inquiry would seem to lie in the 
determination, on an extensive as well as an intensive basis, of the age of extant 
shore features as an index of their stability and of the occurrence frequency of 
major influential factors. Perhaps one of the methods here involved would be de- 
termining the age of trees growing upon them. Another would be the search for 
modern artifacts. In this connection, I was amazed and greatly interested to find 
a wire nail in place in the lower portion of the vertical face of an eroding foredune 
ridge at Grand Beach, Michigan several years ago. 

We also feel that there is an urgent need for interrogation of old residents, 
particularly those associated with lake occupations such as fishermen, sailors, 
coast guard employees, ard marine contractors, as to beach changes and the effect 
of major storms thereon during the period of their memories. Research might 
also be profitably made of the notes and findings of old surveys and land descrip- 
tions. In short, we favor all types of study which will tend to develop the most 
extensive picture of what has happened in the past as a guide to likely future 
happenings. This, we appreciate, is not pure research for it tends to assess the 
net result of the vast complex of interacting forces involved rather than to separate 
those influences and evaluate them independently. Gradually, no doubt, the latter 
approach will produce useful information but the empirical approach seems emin- 
ently recommended, at least as an interim measure. 


UNIVERSITY OF MINNESOTA, SCHOOL OF PUBLIC HEALTH 


LIMNOLOGICAL STUDIES, LAKE SUPERIOR 1957-1958 
Theodore A. Olson 


School of Public Health 
University of Minnesota 
Minneapolis, Minnesota 


Lake Superior, with a surface area of roughly 32,000 square miles and 
depths which at one point reach 1,302 feet, is the largest of our Great Lakes and 
therefore constitutes one of the most impressive natural reservoirs of fresh water 
in the world. Because of the orientation of its longest axis it is frequently exposed 
to violent winds which whip the surface into awe-inspiring waves capable of de- 
stroying large and seaworthy vessels. Such storms, coupled with the foggy weather 
which prevails at certain seasons, may be very dangerous to shipping. In spite of 
these perils, and in the face of near exhaustion of high-grade Minnesota iron ores, 
Lake Superior has continued as an important water route for the transport of 
valuable cargo. This statement is supported by the fact that each year the traffic 
passing in and out of Lake Superior through the five locks of the St. Marys River 
represents a tonnage which in 1955 approximated the total combined annual traffic 
of the Panama and the Suez Canals. If we project our thinking to the near future 
and to the opening of the Great Lakes to ships that sail the oceans of the world, we 
can expect a further increase in transportation which will make Superior even more 
important as a resource which may lead to increased industry and commerce. In 
other respects, too, Lake Superior can be considered a natural resource of almost 
incalculable value. For example, at a time when all the world is plagued with 
problems relating to pollution of water and the adequacy of water needed for irriga- 
tion projects, domestic use, industrial purposes and recreation, a large body of 
clean fresh water such as Superior is a natural asset which cannot be squandered. 
To all this we can add the value of potential commercial fisheries and the beneficial 
effects which such a large mass of water may have on the climate. 

Because it was recognized that the water resource represented by Lake 
Superior had an extremely important bearing on the long range economy of 
Minnesota, it seemed imperative that a careful study should be made of some of 
the basic limnological characteristics of the lake. It was believed that information 
of this kind accumulated under conditions which now prevail would be a valuable 
base line and reference point for future decisions relative to proper water use. As 
a consequence, a study of some of the basic features of water movements and 
temperatures in western Lake Superior was initiated by the School of Public Health 
of the University of Minnesota on July 1, 1955. 

Other groups of the University such as the Departments of Geology, Zoology, 
Botany, and The Institutes of Agriculture and Federal Agencies such as the Coast 
and Geodetic Survey, the Fish and Wildlife Service and the Corps of Engineers had 
carried on small studies in Lake Superior prior to 1955. Ina large measure these 
were quite limited in scope and it was clear, when all results were considered 
together, that the surface had merely been scratched. These investigations served 
merely to emphasize the limited character of the available information and the 
great void of knowledge which remained to be filled. 
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It should be emphasized at the outset that the studies undertaken by the 
School of Public Health have also been very limited in scope because of financial 
restrictions. For this reason the approach has been simple and studies have been 
restricted to the western end of Lake Superior. Total expenditures for supplies, 
equipment, personnel, boat rental and incidental expenses for the period July 1, 
1955 to June 30, 1958 were $36,200. Of this amount $30, 000 was provided by the 
Minnesota Water Pollution Control Commission acting through the State Depart- 
ment of Health. This state agency recognized early that an extensive limnological 
study of Lake Superior would be essential to provide a background for judgments 
relating to public use of these waters. Therefore, although funds were limited 
they decided to support a small research project in the belief that a beginning 
should be made and with the hope that even limited studies could provide data valu- 
able as a reference point in the future. 

The U. S. Public Health Service also became interested in the project, and 
their contribution during the first period was approximately $6,200. It is estimated 
that during the current fiscal year, July 1, 1958 to June 30, 1959 another $30, 000 
will be expended--approximately $15, 000 from the Water Pollution Control Com- 
mission and $15, 000 from the U. S. Public Health Service. These funds have been 
used not only to carry out the research studies mentioned here but also for the prepara- 
tion and publication of three reports. A fourth report, now in preparation, will be 
published with the residue of these funds. Unfortunately state appropriations have 
not yet been provided for the new fiscal year. If they are not forthcoming a limited 
study will nevertheless be continued during the summer season under the benefits 
of another U. S. Public Health Service grant. 

In the conduct of these studies on the physical limnology and nutrients of 
western Lake Superior, the School of Public Health has been very fortunate in 
having Dr. Alfred C. Redfield of Woods Hole as its consultant. Dr. Redfield has 
been most generous with his assistance and has provided invaluable guidance by 
both personal visits and correspondence. Without his help in the earlier phases it 
is doubtful that the project could have been launched successfully. 

From its inception the study has been marked with an extremely-cooperative 
spirit on the part of all persons who have been called upon to participate either in 
planning or in field work. Such persons have represented a great many university 
departments, state departments and federal agencies, illustrating the cosmopolitan 
interest which exists in the limnology of our Great Lakes. 

In these studies the overall project administration has been under Professor 
Herbert Bosch; the technical work has been under the supervision of Dr. Theodore 
Olson; and the detailed technical work has been carried on by Mr. Orlando R. 
Ruschmeyer, Research Fellow, with the collaboration of Dr. T. O. Odiaug, 
Professor of Biology of the Duluth Branchofthe University of Minnesota, Mr. Hugh 
Putman, Instructor, School of Public Health, and a number of other staff members 
who have participated on a part-time basis. 

Through the cooperation of Dr. Raymond W. Darland, Provost of the Duluth 
Branch of the University of Minnesota, who has shown an active interest in the 
project from its beginning, laboratory space was provided each summer at the 
Duluth Branch of the University. In 1958 a fisheries building, situated directly on 
the lake, was made available as a result of his continued interest in the work. 

This building has now been converted into a lakeside laboratory. A small sum, 
approximately $3,500, was set aside from the funds available during the fiscal 
year 1957-1958 to remodel the structure and to make it better suited to limnologi- 
cal research. 

As a result of the studies carried out in the western part of Lake Superior, 
three reports have been published on water movements and lake temperatures in 


that area, and a fourth report dealing with some preliminary studies of the nutrients 
is in preparation. 
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In addition to accumulating information on some of the basic features of the 
limnology of Lake Superior, these studies have stimulated much interest within the 
University family itself. As a consequence it now appears very likely that a Lim- 
nological Institute may be formed. This will be completely interdisciplinary in 
nature and will involve the Institute of Technology, Institute of Agriculture, 
Zoology, Geology, Botany, the School of Public Health and any other sections which 
have an interest in any phase of limnological research. The Institute as presently 
seen will be sponsored by the graduate school, and the prospects are now very 
good that it will be financially underwritten for a period of years by a grant from a 
well known philanthropic foundation. It is our hope that this may eventually lead 
to a soundly financed permanent Institute headed by a well trained Oceanographer- 
limnologist and that sound scientific investigation of the many mysteries of Lake 
Superior may thus be carried on effectively in the years to come. 
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THE LAKE MICHIGAN SHORT FILTER RUN STUDY 


Merrill B. Gamet 


Professor of Civil Engineering 
Northwestern University Technological Institute 
Evanston, Illinois 


This project is a cooperative study, the purpose of which is to investigate 
all water quality conditions and operating procedures of water filtration plants which 
use Lake Michigan as a source of water supply, in order to determine the causes of 
short filter runs and to evaluate the treatment processes of these plants. The 
project was initiated in 1957 by the U. S. Public Health Service. The West Shore 
Water Producers Association is the sponsor of the project, andthe states of Wiscon- 
sin, Illinois, Indiana and Michigan, through their State Boards of Health, twelve 
water filtration plants within these states, and Northwestern University are coopera- 
ting in this investigation. The efforts of all of these organizations are deeply ap- 
preciated, since without them this project would not have been possible. We are 
also indebted to the Great Lakes Research Institute for their counseling and sug- 
gestions regarding the collection of certain items of lake data, and for their per- 
mission to use some of their published data. 

The major objectives of this study include the determination of the magni- 
tude of the short filter run problem, investigation of the methods by means of which 
the various plants have attempted to solve the problem, evaluation of the additional 
costs to the plants because of the problem, and possible development of new treat- 
ment methods or improvement of existing methods to alleviate or eliminate the 
problem. 

The short filter run may be defined as a condition which occurs periodically 
in filtration plants during which filter runs are radically reduced in length to the 
extent of from 50 down to 25 per cent or less of normal and in many instances to as 
low as 5 hours or less. This situation is caused by raw water quality conditions 
which cause very rapid clogging of the filters, usually during periods of demand 
for water which require high rates of production, and resulting in large increases 
in amounts of wash water and excessive amounts of coagulants. This in turn causes 
a sharp increase in the cost of finished water, a situation which cannot be tolerated 
for extended periods of time without financial loss to the water utility, and resulting 
in a poorer quality of filtered water. 

In order to obtain the necessary information to analyze this problem, the 
several filtration plants who are cooperating in the field study have been collecting 
data since January 1, 1958, and will continue through 1959. The data which are 
being collected include weather and lake conditions, treatment facilities as in- 
stalled in the various plants, physical, chemical and biological characteristics of 
the raw and settled water, amounts and kinds of chemicals used in treatment, the 
performance of the several plants under all possible operating conditions, together 
with the production costs incurred. 

In order to facilitate storing and availability for analysis, the data are being 
transferred to IBM punched cards, and the equipment of the Northwestern Univer- 
sity Computing Center is being utilized to sort, compute and tabulate the results of 
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a number of different analyses. Particular emphasis is being placed on the relative 
significance of the many variables involved in short filter runs. 

Inasmuch as plankton have been suspected of being the major cause of short 
filter runs, more attention has been given to this data than to any other variable. 
The inexperience of plant personnel in plankton counting necessitated the use of 
reference samples to check the relative competency of the counters. Periodic 
samples have been transmitted to the plants for counting throughout the study, and 
statistical analyses have been made of the results obtained. Results of the analyses 
of early reference samples indicated that more training of personnel was necessary. 
Training clinics were held, and later samples showed much better correlation. The 
last sample to be counted showed a good geometrically normal distribution of ob- 
servations which is expected in this type of statistical analysis. 

Mr. Poston mentioned in his discussion of this project that the ''clump count" 
method of plankton counting has been used. This is the simplest method of counting, 
but unfortunately it does not reveal the true significance of the various species of 
plankton in relation to their filter clogging tendency. Consequently, all "clump" 
counts are being converted to their volumetric equivalent in order to determine the 
true importance of each in rendering the filter beds impervious to filtration. 
Analyses of short filter runs at the various plants indicates at this time that ex- 
tremely high concentrations of plankton are not necessarily the sole cause of short 
runs. 

Evidence has been obtained, however, which indicates that of the plankton 
present in Lake Michigan water, Tabellaria is probably the most important in con- 
nection with filter clogging tendencies, and in one instance at least, a combination 
of Asterionella and Synedra appear to have contributed to a severe condition. 

Many analyses of the data for particular plants have been made, but a de- 
tailed discussion of each cannot be made here. Inasmuch as the field study is still 
in progress, all studies are incomplete. However, a few statements regarding 
some of the analyses are in order. 

Studies have been conducted at Northwestern University in an effort to de- 
velop a filtrability index. The first work was done with equipment originally de- 
signed by Dr. Boucher in England and revised at the University. Volumes of 
settled water were filtered through woven wire fabric discs, and losses in head 
were measured for constant rates of flow and under constant temperature condi- 
tions. An index was determined as the ratio of the increase of hydraulic resis- _ 
tance to the volume filtered. Many tests were run, but the scattering of the plotted 
points indicated that the data obtained was not reliable. We believe that because of 
the size of the pore openings in the filter discs, approximately 18 to 20 microns, 
some amount of plankton and suspended solids or turbidity in the water passed 
through the disc before a sufficient mat was formed in order to stop all material 
on the disc. This would obviously cause errors and inconsistent results. 

As a result of the above difficulties, the procedure has been changed to that 
of using membrane filters as the filter media. The pore size of about 0.5 micron 
is sufficiently small to trap all solids, including colloids, and organisms. Volumes 
of settled water are filtered at constant vacuum, and in addition to determining the 
plankton count, the weight of the dried membrane filter together with the solids and 
organisms is obtained. Plots of this information appear to reveal that plankton 
alone do not necessarily increase the time of filtration. This observation was also 
stated in a previous paragraph, when reference was made to actual plant data, and 
is further evidence that some other factor or factors must be given a major role in 
the responsibility for short filter runs. However, there is one deficiency in the 
membrane filter method at present. This is due to the inability to separate the 
plankton and the turbidity particles in a given sample when a single membrane filter 
is used, This appears to be important in order to determine the relative significance 
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of each. Centrifuging of the samples at various speeds and for different periods of 
time does not accomplish complete separation. We are presently attempting to 
revise the technique in order to properly evaluate the two variables. Several sug- 
gestions have been made in order to accomplish this. One which appears to have 
merit is the addition of some chemical to the sample, such as a chlorinated hydro- 
carbon, so that either the suspended solids or the plankton will be held in suspen- 
sion while the other is centrifuged out. Another is to use two or more membrane 
filters in series having different pore sizes, ranging from 0.5 micron to perhaps 
4 or 5 microns in order to filter out material of varying particle size. These 
techniques are now being investigated. 

The relationship of plant capacity in use at any given time to the length of 
filter runs experienced is of much importance in investigating the data. Although 
a water treatment plant may be designed for a specific daily production capacity at 
a 2.0 gpm/sq ft rate, it is doubtful that an economic run length of, say 20 hours 
or more, can be maintained throughout the entire operating range up to design 
capacity. It is obvious that even though the filters may be operated at a constant 
rate, the detention periods in the flocculating and settling basins will vary at dif- 
ferent water production rates. 

Detailed studies have been made of one plant engaged in this investigation 
with respect to per cent of plant capacity in use, length of filter runs, and concen- 
trations of plankton present in the raw and settled water. 

One study was directed towards obtaining information regarding the growth 
cycles of the diatoms and the periods when peak plankton counts were found. This 
study is incomplete, but so far has revealed that when plant capacity in use is in 
excess of about 60 per cent, short filter runs are more likely to occur even though 
plankton counts may not be extremely high. At these times per cent removal of 
plankton may be poor, resulting perhaps from reduced settling efficiency and pos- 
sibly from improper adjustment of coagulant dosage. It has been suggested to 
personnel at this plant that flocculator speeds be changed so that an optimum velo- 
city gradient of the water past the blades may assist in improving floc formation 
and settling, and therefore lengthen filter runs. Investigation of the place in the 
growth cycle occupied by the plankton during short filter runs may also provide 
valuable information. It is known that some silicates form flocculent materials 
capable of plugging filters, and this could be attributed to accumulations of 
diatomaceous materials from dying organisms. 

Another study of the plant mentioned above was made in which a detailed 
comparison of volumetric plankton concentrations were compared with increments 
of daily water production throughout the entire range of operation up to plant capa- 
city and with filter run increments over the complete range experienced. Water 
production increments used were 2 MG, and filter run increments were 5 hours. 
It would be expected that if plankton were the sole cause of short runs, plankton 
concentrations would decrease as filter runs increased at any given magnitude of 
water production. It would also be anticipated that at any specific magnitude of 
filter run increment, plankton counts would be very nearly equal regardless of 
water production. In the former case organism counts generally decreased as ex- 
pected, but in the latter, considerable variation was found and no general trend 
was evident. 

It appears possible that turbidity may be responsible for the variations en- 
countered above, but measured turbidity is certainly not the answer since for the 
test period of nine months used in the above study, turbidities averaged less than 
one unit. We therefore suggest that very fine or colloidal "unmeasured" turbidity 
may be a primary cause of short filter runs. This was also alluded to in previous 
paragraphs in which the filtrability index was discussed, and has been at least 
partially verified in that work. 
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An analysis of costs when short filter runs occur is important, since the 
amount of finished water available for distribution is decreased during these periods, 
and chemical costs increase considerably. A study of the chemical and wash water 
costs at one plant revealed that when filter runs exceeded twenty hours, which is 
considered to be satisfactory operation, these costs averaged $3.80 per million 
gallons of water treated. When the filter runs decreased to between fifteen and 
twenty hours, the cost increased to $4.08 per million gallons, and when extremely 
short runs were experienced, 0 to 5 hours, the cost further increased to $5. 49 per 
million gallons. The difference in these costs may not seem significant, but when 
it is remembered that the daily filtered water production for treatment plants on 
Lake Michigan is currently about 750 million gallons per day, these figures become 
important in overall operating and production costs. It must also be kept in mind 
that short filter runs generally occur during the warm weather periods of peak de- 
mand and reduce the net volume of water produced because of the necessity of 
using greater volumes of wash water. Wash water requirements are normally 
about 2 per cent of total water production, but during critical periods this may run 
as high as 12 to 15 per cent. Unless some satisfactory answer is found through 
improved operating procedures, costs will be increased further due to the necessity 
of larger design capacities to compensate for decreased production when short 
filter run operating difficulties are experienced. 

It has been stated above that many of the analyses have been conducted on 
a single plant and by laborious long hand methods. As rapidly as time is made 
available to us at the University computing center, and as soon as all data are 
transferred to IBM punched cards, all plants in the study will be analyzed in simi- 
lar fashion. 

Periodic progress reports of this project have been presented at section 
meetings of the AWWA and the national convention of the ASCE. A report will also 
be given at the national meeting of AWWA in San Francisco. It is anticipated that 
publication of the results of this investigation will appear in the journals of these 
societies, but will probably be postponed until the field study is completed and all 
data from the 12 plants has been completely analyzed. 

Data furnished to us by the Great Lakes Research Institute are being used to 
study the effects of lake currents and weather conditions. Similar data which the 
plants in this study are collecting will be made available to the Institute for use in 
their investigations. The background of experience of Institute personnel regarding 
Lake Michigan conditions is extremely valuable to us, and we expect to solicit their 
assistance in interpreting data associated with the short filter run problem. 

The author wishes to acknowledge the work of a number of U. S. Public 
Health Service personnel for their efforts in this project, and particularly Mr. W. 
H. Poston and Mr. J. M. Rademacher of the Chicago Regional Office. 
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OHIO DIVISION OF SHORE EROSION 


A REPORT ON THE STATUS OF LAKE ERIE GEOLOGICAL 
RESEARCH IN OHIO 


Howard J. Pincus 


Ohio Division of Shore Erosion, Columbus, Ohio 
Associate Professor of Geology 
The Ohio State University 
Columbus, Ohio 


PURPOSE AND HISTORY OF THE PROJECT 


The Lake Erie Geological Research Program of the Ohio Division of Shore 
Erosion has these objectives: 

(1) To identify and understand shore processes along the Ohio portion 

of Lake Erie's shoreline, particularly as these bear upon erosion 
of the shoreline. 

(2) To map the bottom deposits of the Ohio portion of Lake Erie, in 
order to achieve an understanding of lake processes and to con- 
tribute information on natural resources lying within the state's 
boundaries. 

(3) To provide geological and limnological data in support of the 

Division's diversified engineering mission. 

The program was conceived in the autumn of 1949, and the first field work 
was done during the latter part of the summer of 1950. During this period, the 
program was supported jointly by the Ohio Divisions of Geological Survey and Shore 
Erosion. Since 1950, the Division of Shore Erosion, which derives most of its 
funds from levies on sand and gravel extracted from the lake bed in Ohio (Fig. 1), 
has provided almost all of the financial support for the project. 

From 1950 to 1953, the project was staffed by the author and Ohio State 
University students, with part-time technical and clerical assistance; during this 
interval, the project operated full-time during the summers and part of the time 
during the academic year. In 1953 the project was strengthened with the addition 
of a full-time, year-round staff stationed in Sandusky, and a research vessel de- 
signed specifically for the project's needs. University people have continued to 
contribute as before, with research under the author's direction occupying the en- 
tire staff during the summer field season. 

At present, the year-round staff consists of R. P. Hartley, a geologist (in 
administrative control of the Sandusky office), J. L. Verber, a hydrographer, W. 
Lemke, the research vessel's master, the master's helper, and a clerk-typist. 
During the autumn, winter, and spring, this staff is occupied with routine surveys, 
preparation of reports, and operations in support of the Division's engineering 
mission. 

The assistance and cooperation of many agencies have been splendid. From 
time to time, small grants have been made by The Ohio State University Graduate 
School and Development Fund; the Ohio Academy of Science has made one such 
grant. Support in the form of services, use of facilities and equipment, and access 
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to data have come from many. The following have provided one or more of the 
aforementioned types of support: the Department of Geology of The Ohio State Uni- 
versity, the Ohio Divisions of Wildlife, Water, and Geological Survey, the Ohio 
Highway Testing Laboratory, The Ohio State University Engineering Experiment 
Station, the Columbus office of the Surface Water Branch of the U. S. Geological 
Survey, the Geophysics Branch of the Office of Naval Research, the U. S. Lake 
Survey and the Corps of Engineers of the U. S. Army, the Sandusky office of the 
U. S. Weather Bureau, the U. S. Coast Guard, Lamont Geological Observatory 
(Columbia University), the Franz Stone Institute of Hydrobiology, and county and 
city engineers located in Ohio's lake front counties. Groups and persons cooperat- 
ing with the program's personnel in joint ventures are too numerous to mention 
here. 

The research results arising from this work have been written up in 
published and unpublished documents, a partial list of which appears in the Appendix. 
This list also includes some of the work in progress. 


TYPES OF RESEARCH WHICH HAVE BEEN UNDERTAKEN 


In order to attain the objectives listed in the preceding section, the projects 
described below have been undertaken. In order to save space and to avoid dupli- 
cating detailed results available elsewhere (see Appendix), the information is 
presented in outline. 

(1) The entire Ohio shoreline of Lake Erie has been mapped, with emphasis 
on engineering geology. The detail and specific purpose of the mapping have varied 
somewhat from area to area.. In some places, much attention has been paid to 
bluff materials and bluff failure; in other places, emphasis has been placed upon 
nearshore bottom deposits and beach profiles; in other areas, the effects of struc- 
tures on littoral drift have been studied. Further mapping directed toward the 
solution of specific engineering and geological problems is to be carried out. 

The mapping accomplished to date has been sufficiently detailed to provide 
the basis for a compilation which, it is hoped, might be useful to geologists and 
engineers. Accordingly, a series of seven maps, presenting the engineering geology 
of the Ohio section of Lake Erie's shoreline has been prepared, and is to be pub- 
lished this year by the Ohio Division of Shore Erosion. The scheme of each of the 
seven maps is shown in Figure 2. The left half of each map will include descrip- 
tions of the shoreline on a base map (1:100, 000) extending through 30 minutes of 
longitude on six of the seven maps; the shoreline of Sandusky Bay is treated in 
slightly less than 30 minutes of longitude. The left half of each sheet will also 
show bathymetry, nearshore bottom deposits, profiles, subsurface data, and refer- 
ences to survey points, U. S. Corps of Engineers documents, Division of Shore 
Erosion aerial photographs, and U. S. Geological Survey topographic sheets which 
cover the same area. The right half of each sheet will include an explanatory text 
and wind and wave data applicable to the map to the left, plus regional maps show- 
ing bedrock geology, physiography, engineering soils, and water level data. 

(2) The feasibility of applying terrestrial photogrammetric methods to the 
study of ephemeral shoreline features has been investigated both in the field and in 
model studies (H. J. Pincus,- 1959, Some applications of terrestrial photo- 
grammetry to the study of shorelines: Photogrammetric Engineering, vol. XXV, 
no. 1, pp. 75-82). It is likely that with experience acquired from continued appli- 
cation of some of the field procedures described in this reference, a smooth, rapid 
mapping operation could be achieved. Most of the methods require in their final 
stages the processing of the stereophotographs through intricate plotting equipment 


manned by a specialist; fortunately, such facilities and services are available at 
The Ohio State University. 
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(3) The retreat of bluffs, as shown in Figure 3, has been quite rapid in 
some areas. The study of the recession of bluffs composed of surficial materials 
should usually include the analytical methods of soil mechanics. Under contract 
with the Division of Shore Erosion, The Ohio State University Engineering Experi- 
ment Station has conducted such a study at Perry Township Park, and has prepared 
a basic analysis of and a proposed outline for future bluff erosion studies along the 
Lake Erie shoreline (see R. Chieruzzi and R. F. Baker, 1958, A study of Lake 
Erie bluff recession: O.S.U. Eng. Exp. Sta., vol. XXVII, no. 6, 100 pp.). 

Studies of bluff failure in several areas along the lake front have been made by 
Ohio State University students in civil engineering and geology. 

(4) Mapping of the bottom deposits of the Ohio portion of Lake Erie is to be 
completed during the spring of 1959. A summary sketch map of the work done so 
far appears in Figure 4. Maps covering part of the area shown have been published; 
the remainder of the area is to be covered in subsequent published sheets. This 
extremely important work has been conducted by R. P. Hartley and J. L. Verber. 
The results obtained are to be pooled with published data on bottom deposits outside 
of Ohio waters. 

The Division's personnel have conducted sub-bottom surveys, chiefly by 
jetting, in commercial sand and gravel areas (Fig. 1), and at scattered localities 
elsewhere. A publication on sand and gravel deposits, by R. P. Hartley, is to be 
published shortly. 

Additional subsurface work is to be carried out during the coming summer 
field season. The Division's gravity coring rig will be used with the jetting rig in 
certain areas in which conspicuous sub-bottom echoes have appeared on echo- 
sounder records; some experimental acoustical methods are to be investigated as 
part of the same operation. 

(5) Subsurface data along the shoreline have been collected with the jetting 
rig, portable power auger, jeep-mounted auger, hand auger, and from the files of 
the Corps of Engineers, the Ohio Division of Water, and city and county engineers. 
During the coming summer field season, additional data are to be obtained in an 
operation involving the coordinated use of the portable power auger and electrical 
resistivity gear. Some experimental acoustical work may be attempted. 

(6) Bedrock geology has been investigated in detail by R. P. Hartley in the 
shale bluffs between Lorain and Vermilion; a report on this work is in preparation. 
Relief on the bedrock surface has been determined as a by-product of Nos. (4) and 
(5) above. 

(7) Some of the data uncovered in connection with Nos. (4) and (5) appear to 
indicate that earlier in the history of the modern Lake Erie, lake level was perhaps 
several tens of feet lower than it is today. This problem is under study at this 
time; a report on progress to date was given by R. P. Hartley at the 1959 meetings 
of the Ohio Academy of Science. 

(8) Studies of water levels, currents, wind and water temperatures have 
received much attention. For example, ten water level gauges, installed and 
serviced by the Ohio Division of Water, have yielded fertile combinations of data 
such as those illustrated in Figure 5 (see Fig. 1 for locations). Taken with water 
level data from other localities around the lake, some interesting inferences on 
seiche periods, displacement of nodal lines, and currents have been drawn by J. L. 
Verber, who reported on some aspects of this work at the 1959 meeting of the Ohio 
Academy of Science. Currents have been mapped in the vicinity of shore protective 
structures, as part of comprehensive surveys in critical areas. During the summer 
of 1959, detailed studies are to be made of currents and water levels in the vicinity 
of the islands in the western part of the lake. Synoptic surveys, carried out in 
cooperation with Canadian and other agencies, have involved collection of tempera- 
ture and transparency data, data on current directions, and water samples. 
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(9) Some observations have been made on the effects of ice on the shoreline, 
but systematic studies of this type have not yet been attempted. 

(10) Up to the present time, personnel of the Division have done very little 
in constructing wave refraction diagrams. During the summer of 1959, however, 
some detailed work of this kind is to be undertaken in connection with a proposed 
state construction project in one area, and as a pilot study for future work in other 
critical areas. 

(11) Many detailed studies have been conducted in support of the Division's 
engineering mission. An extensive study of this type, with geological implications, 
was undertaken during the summer field season of 1956, when the Division joined 
forces with the U. S. Corps of Engineers in a cooperative resurvey of the Ohio 
shoreline between the Michigan boundary and Marblehead (Fig. 1). 


SUGGESTIONS FOR COOPERATIVE EFFORTS 


It is requested that the following suggestions for cooperative ventures be 
considered. Admittedly. the first two bear more upon engineering geology than 
upon the broad aspects of Great Lakes research, but they might have more general 
application than is apparent at first glance. 

It is important to note that this listing of suggestions does not constitute a 
commitment by the Ohio Division of Shore Erosion to support any of these; of 
course, future support along these lines is not foreclosed. 

(a) It is proposed that a pilot program be undertaken to determine the 
feasibility of using lay observers to report periodically on shoreline conditions 
at selected localities. Such observers might operate in much the same manner 
as lay people employed by the Surface Water Branch of the U. S. Geological Sur- 
vey in its stream gauging program. The shoreline observers could be assigned to 
one or two short stretches of shoreline near their respective residences. Report- 
ing, say weekly and before and after big storms, they could record their observa- 
tions on water-level, position of water's edge, wave directions, beach slopes, 
beach compositions, etc., on printed sheets prepared specially for each area, and 
showing accessible points of horizontal and vertical control. Each observer would 
operate under the supervision of a technically competent person, who would have 
to visit each locality from time to time to check the work of the lay observer; pre- 
sumably the frequency of such visits would decrease as the lay observer's pro- 
ficiency would increase, although there should always be some supervision. 

From the data so collected, it should be possible to prepare a set of de- 
tailed case histories, perhaps each case history being assembled in a kind of time- 
lapse format. If case histories of both similar and diverse areas were then 
gathered from all of the lakes, some results might well emerge which are now 
missed in monthly and seasonal sequential profiling programs. 

(b) Some agreement should be reached on a classification of Great Lakes 
shorelines which is meaningful and useful. The author has just prepared such a 
classification of the Ohio shoreline of Lake Erie for the purposes of engineering 
geology (presented at the Cleveland meetings of A.S.C.E., 1959), but this is by no 
means the last word in this matter. With a valuable, acceptable, classification in 
general circulation, the exchange of information on shorelines would be attended 
by somewhat less ambiguity than is now the case. Further, this might well be a 
step in the direction of preparing a comprehensive, detailed description of the 
shorelines of the Great Lakes, which is a goal of obvious merit. 

(c) A periodically issued list of new publications on Great Lakes research 
should be distributed to all interested agencies and persons, who, presumably, 
would contribute titles of their respective publications according to some schedule. 
The wide range of subject areas of the journals in which our articles appear makes 
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it virtually impossible to keep up with what is happening. Once the rules of index- 
ing and classifying have been agreed upon, much of the work should be clerical, and 
the problem would then become one of supervision, financial support, and the 
fostering of cooperation by all concerned. 

(d) In coordination with (c), and possibly organized along similar lines, it 
would be very helpful to have a complete, up-to-date bibliography on Great Lakes 
research. Even if it should prove to be too much of a task to dig back into the 
literature for say, the past decade or two, it would pay to consolidate the periodic- 
ally issued lists (c) into suitable categories. Certainly, within ten years after 
starting this some people would be very grateful for its existence. 

(e) As a counterpart to (d), and in coordination with (c), it would be very 
helpful to assemble an index map of the Great Lakes, showing coverage by various 
types of maps. Perhaps on the same index map, or on another copy, it might also 
pay to enter references to papers of areal significance; clearly such a source of 
references is more useful to the investigator running down data about specific 
localities and their contiguous areas than is the textual type of index. 

(f) Finally, there ought to be close liaison with groups and persons engaged 
in oceanographic work. Many of the people in oceanographic work do not have the 
faintest notion of the kinds of research being done on the Great Lakes. Perhaps 
some attempt should be made to submit a report on this conference to the assembled 


delegates at the coming summer's International Oceanographic Congress in New 
York. 


APPENDIX 


A. Articles and Abstracts (Published, in press, or in preparation). 

Pincus, H. J. and Garrison, G. (1950) (Abs.) Lake Erie Geological Re- 
search Program: Geol. Soc. Amer., Bull., v. 61, no. 12, pt. 2, 

p.- 1074. 

Pincus, H. J., Humphris, C. C., and Roseboom, M. (1951) Sedimentary 
processes in Sandusky Bay, 1950 Investigations; Rept. Inv. No. 9, Ohio 
Geol. Surv. 

Pincus, H. J. (1951) (Abs. ) Sedimentary processes along the south shore 
of Lake Erie, vicinity of Sandusky, Ohio: Geol. Soc. Amer., Bull., 

v. 62, no. 12, pt. 2. , 

Pincus, H. J. (1952) Research in the conservation of Ohio's shorelines: 
Ohio Conserv. Bull., June 1952, pp. 16-20. 

Verber, J. L. (1952) Nomographs for determining seiche periods: Science, 
v. 116, pp. 62-63. 

Bowman, R. S. (1953) Sedimentary processes along Lake Erie shore, 
Sandusky Bay, vicinity of Willow Point: Rept. Inv. No. 18, Ohio Div. 
Geol. Surv., pp.119-138. 

Pincus, H. J. (1953) Remarks on shore erosion research in Ohio: Shore 
and Beach, v. 21, no. 1 (Unedited stenographic transcript of address 
given at 1952 meeting in Toledo at Ohio Shore and Beach Preservation 
Assoc. ). 

Pincus, H. J. (Editor, author of Ch. 1) (1953) 1951 Investigations of Lake 
Erie shore erosion: Rept. Inv. No. 18, Ohio Geol. Surv. (Includes 
chapters based on theses by R. E. Metter, C. C. Humphris, F. J. 
Kleinhampl; see B-1). 

Verber, J. L. (1953) Surface water movements in western Lake Erie: 
Ohio Jour. Sci., v. 53, pp. 42-46. 
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Verber, J. L. (1953) Tentative summary of studies of water movement in 
Lake Erie: Lake Erie Pollution Survey, Ohio Div. Water, p. 136. 

Pincus, H. J. (1954) (Abs) Geology of the Lake Erie basin, with emphasis 
on contemporary processes: Symposium on Geophys. and Geophys. 
Geod., Bull. geod., no. 31, pp. 73-74. 

Pincus, H. J. (1954) The motion of sediment along the south shore of L. 
Erie: Proc., 4th Conf. on Coast. Eng., Council on Wave Research, 
pp. 119-146. 

Pincus, H. J. (1954) Research on shoreline processes: Grad. Schl. 
Record, O.S.U., v. 7, no. 5, pp. 4-6. 

Verber, J. L. (1955) Bibliography of physical limnology, 1781-1954: Rept. 
Inv. No. 25, Ohio Geol. Surv. (Contrib. no. 4, L. Erie Geol. Res. 
Prog. ). 

Verber, J. L. (1955) Rotational water movements in western Lake Erie: 
Proc. , Internatl. Assoc. Theor. and App. Limn., v. 12, pp. 97-104. 

Verber, J. L. (1955) The climates of South Bass Island, western Lake 
Erie: Ecol., v. 36, pp. 388-400. 

Hartley, R. P. (1958) Ohio's biggest fish pond: Ohio Conserv. Bull., 

v. 22, no. 2. 

Verber, J. L. (1958) Ups and downs of Lake Erie: Ohio Conserv. Bull. , 
v. 22, no. 4, pp. 6-7. 

Verber, J. L. (1958) Currently speaking about Lake Erie: Ohio Conserv. 
Bull., v. 22, no. 6, pp. 10-11. 

Pincus, H. J. (1959) Some applications of terrestrial photogrammetry to 
the study of shorelines: vol. xxv, no. 1, Photogrammetric Engineering, 
pp. 75-82. 

Pincus, H. J. - Engineering geology of the Ohio shoreline of Lake Erie: A 
classification of shore features: to be presented at the May 1959 meet- 
ing of the Amer. Soc. Civ. Eng., Session on Coastal Engineering, and 
then to be submitted for publication to A.S.C.E. 


Gilfillan, M. C. (1958) Bottom deposits of Lake Erie: Ohio Conserv. Bull., 
v. 22, no. 8, pp. 10-11. (Author not from Division of Shore Erosion. ) 


B. Theses, Technical Reports, Maps (# Published, or to be published) 


(1) Theses (O.S. U. ) 

Christopher, J. E. (1955) An investigation of Lake Erie shore erosion be- 
tween Fairport Harbor and the Mentor Yacht Club, Lake Co., Ohio, 
100 pp. 

Goodman, Jerome (1956) An investigation of shoreline processes along 
Lake Erie between the Vermilion and Huron Harbors, Erie Co., Ohio. 
184 pp. 

Gordon, D. W. (1956) Geological processes along the south shore of Lake 
Erie between Lakeline and Mentor on the Lake, Lake Co., Ohio, 122 pp. 

*Humphris, C.C., Jr. (1952) Sedimentary processes along the shore of 
Lake Erie and Sandusky Bay, from Marblehead Lighthouse to Bay 
Bridge, Ottawa Co., Ohio, 103 pp. 

Kelley, R.A. (1956) Applications of terrestrial photogrammetry for de- 

termination of shore movements, 95 pp. 


*Abridged version published in H. J-. Pincus (1953) (Editor) - 1951 Report of L. 
Erie Investigations: Ohio Div. Geol. Surv., Rept. Inv. no. 18 (cited under A) 
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*Kleinhampl, F. J. (1952) Sedimentary processes along the Lake Erie shore 
from four miles east of Lorain, Lorain Co., to Huntington Beach Park, 
Cuyahoga Co., Ohio, 129 pp. 

*Metter, R. E. (1952) Sedimentary processes along the Lake Erie shore 
from Cedar Point to Huron, Erie Co., Ohio, 132 pp. 

Richards, G. C. (1956) An investigation of the sedimentary processes be- 
tween Scott Point and the Marblehead Light, Catawba and Danbury Twps. , 
Ottawa Co., Ohio, 92 pp. 

Savoy, D. DeC. (1956) Sedimentary processes along the Lake Erie shore at 
Magee Marsh, Ohio, 101 pp. 


(2) Theses in preparation (O.S. U. ) 

Christopher, J. E. (Ph.D.) An investigation of Lake rie shore erosion be- 
tween Fairport and the Pennsylvania state line. 

Tinker, Wesley, Ill (M.Sc.) A genetic classification of Lake Erie beaches 
in Ohio. 


(3) Unpublished technical reports (Partial list) 

Verber, J. L. and Hartley, R. P. (1954) Summary of the effects of ice on 
shore features along the Ohio shoreline during the winter of 1953-1954: 
Ohio Div. Shore Erosion. 

Hartley, R. P. (1954) Crane Creek nearshore survey: Ohio Div. Shore 
Erosion. 

Hartley, R.P. (1955) Saybrook Twp. bluff survey: Ohio Div. Shore Erosion. 

Pincus, H. J. (1955) Shore processes in the vicinity of Century and Lake- 
view Parks, Lorain, Ohio: Ohio Div. Shore Erosion. 

#Pincus, H. J. (1957) Chapter on Geomorphology, cooperative resurvey of 
the Ohio shoreline of L. Erie between the Ohio - Michigan line and 
Marblehead, Ohio: U. S. Army Corps of Engineers and Ohio Div. Shore 


Erosion. (Will probably be published by some agency of the U. S. 
Government. ) 


(4) Technical reports in preparation 
#Hartley, R. P. - Sand dredging areas in Lake Erie: Ohio Div. Shore Ero- 

sion, Tech. Rept. no. 5. 

Hartley, R. P. - Geology of the Lake Erie shoreline between Vermilion 
and Lorain, Ohio: Ohio Div. Shore Erosion. 

Hartley, R. P. - Lower levels of Lake Erie: Ohio Div. Shore Erosion. 

Hartley, R. P. - Kelleys Island, North Bay Survey: Ohio Div. Shore 
Erosion. 

Verber, J. L. - Wind report for Sandusky, Ohio and adjacent Lake Erie. 

Verber, J. L. - Short and long period oscillations in Lake Erie. 


(5) Maps in preparation or published 

#Pincus, H. J. - Engineering geology of the Ohio shoreline of Lake Erie: in 
seven sheets, base map scale of 1:100, 000; inset maps and sections of 
various scales; with explanatory text on each map. (Probably pub. in 
1959, by the Ohio Division of Shore Erosion. ) 

#Hartley, R. P. and Verber, J. L. (1957) Bottom deposits of western Lake 
Erie: Ohio Div. Shore Erosion, Tech. Rept. no. 4, 4 pp., scale 
1:100, 000. 

#Hartley, R. P. and Verber, J. L. (1958) Bottom deposits of Ohio waters in 


Lake Erie between Sandusky and Cleveland: Ohio Div. Shore Erosion, 
scale 1:80, 000. 
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#Hartley, R. P. and Verber, J. L. - Bottom deposits of Ohio waters in Lake 
Erie between Cleveland and Perry Township Park: Ohio Div. Shore Ero- 
sion, 1:80,000, in press. 

#Hartley, R. P. and Verber, J. L. - Bottom deposits of Ohio waters in Lake 
Erie between Perry Township Park and Ohio-Pa. line: Ohio Div. Shore 
Erosion, 1:80,000, in preparation. 


NOTES: 


1. The references listed above constitute a partial list of the work turned 
out by the Lake Erie Geological Research Program. 


2. The work has been sponsored chiefly by the Ohio Division of Shore 
Erosion. 
3. The theses are on file at The Ohio State University Library. 


4. The technical reports are in the files of the Ohio Division of Shore 
Erosion. 
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STATUS OF BIOLOGICAL RESEARCH IN WATERS OF LAKE ERIE 
Charles A. Dambach 


Director, Natural Resources Institute 
The Ghio State University 
Columbus, Ohio 


The opportunity afforded by this Third Conference on Great Lakes Research 
to exchange information concerning our respective programs and to explore areas 
where further cooperative effort may prove fruitful is appreciated. My remarks 
will refer especially to biological studies in Ohio waters of Lake Erie as they re- 
late to utilization of the fisheries resource and more particularly, to research 
conducted through the facilities of the Franz Theodore Stone Laboratory of The 
Ohio State University. These remarks are, of necessity, based upon the works of 
others as the speaker has not been engaged in Lake Erie research and does not feel 
competent to do so. His role in this area during the past eight years has been, 
both as Chief of the State Division of Wildlife and now as Director of the Ohio State 
University's Natural Resources Institute, to carry out such administrative duties 
as are necessary to make such research possible. He is, therefore, indebted to 
his colleagues for the information in this report and especially to Dr. Milton B. 
Trautman who prepared, as background for the report, a bibliography on past 
Great Lakes research programs. 

Ohio has been engaged in research concerning the fisheries resourse of 
Lake Erie for more than acentury. J. P. Kirtland in his 1938 report on the zoology 
of Ohio included descriptions of fishes of Lake Erie, their habitat, changes in sizes 
of populations, and descriptions of new species. Early Lake Erie research was 
largely concerned with taxonomy, problems of hatchery production and regulations. 
Extensive environmental research in Ohio waters of the Lake had its inception with 
a study of the effects of pollution on fish. This study was conducted in 1926 under 
the direction of R. C. Osborn of Ohio State University for the then Ohio Division 
of Fish and Game. The work was continued on a more extensive basis during the 
following four years in cooperation with the U. S. Bureau of Fisheries. Dr. Still- 
man Wright of the Bureau of Fisheries was in charge of the limnological investiga- 
tions. 

Although Ohio State University has maintained a biological station on Lake 
Erie continuously since 1896 and the State Division of Wildlife has maintained in- 
terest in the fisheries resources for more than half a century, sustained year- 
round programs of research were not undertaken until a full-time director of the 
Franz Theodore Stone Laboratory was appointed in 1936. The Laboratory continued 
on a year-round basis thereafter until October 1955. During the intervening years, 
a research staff headed by Dr. T. H. Langlois investigated environmental factors 
affecting productivity of the fish crops of the Lake, particularly in the western part 
and especially in the Island Region. Effective October 1, 1955, the year-round 
research program at this laboratory was discontinued and the use of the facilities 
was made the responsibility of the Natural Resources Institute with the under- 
standing that they should be used only for summer teaching, conferences, and re- 


search. Provision was made for year-round research for exceptiona: projects of 
unusual merit. 
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A summer teaching program was initiated in 1956 and the foundations laid 
for a re-established summer research program. Support for the program was 
sought from the State Division of Wildlife, the National Science Foundation, the 
U. S. Fish and Wildlife Service and The Ohio State University. Personnel to con- 
duct research was sought from Ohio colleges and universities. The program is 
now entering its fourth year. The staff involved varies from year to year, depend- 
ing upon the amount of support and the nature of the projects undertaken. In 1958, 
staff members from Ohio colleges spent full time on Lake Erie research projects 
at the Laboratory during the summer months. Three of the projects involved work 
throughout the year on a less intensive basis. A total of 12 students were involved 
part-time on these projects. Additionally, three of the summer teaching staff 
spent part-time on Lake Erie research in their field of specialization and Dr. T. H. 
Langlois continued, on a year-round basis, his studies of the environmental factors 
affecting Lake Erie productivity and especially with respect to tributary streams on 
the Ohio side. 

Support for the studies has come from: 

(a) The Ohio State University. This has been primarily in the form of re- 
search facilities, equipment, and teaching staff assignments which permit part 
time for research. Each member of the Laboratory teaching staff teaches a single 
course each term which meets three days a week. This permits the remaining four 
days for research, class preparation, and relaxation. The University also pro- 
vides salary, expenses, and provides facilities for the work of Dr. Langlois. Re- 
search equipment having a replacement value in excess of $100, 000 is available for 
this purpose. This includes one research vessel and two other power boats avail- 
able for survey work in the Lake. 

(b) The Ohio Division of Wildlife provides an annual grant to the University 
in support of basic fisheries research. These funds have been used to pay stipends 
of research personnel from Ohio colleges and universities conducting special re- 
search of interest to the Division. The Division has also cooperated extensively in 
making its facilities, both buildings and boats available to the research workers 
and in collecting materials for them. The Division of Wildlife has also carried on 
an extensive fishery research program in the Lake. This program has been 
directed largely toward determining age, growth, movement, and other character- 
istics of the commercial and sport fishing segments of the biota. 

(c) The U. S. Fish and Wildlife Service, Bureau of Commercial Fisheries. 
This agency has supported the research program during the past year through a 
contractual arrangement for a food habits study of selected Lake Erie fishes. The 
project involved the full-time services of one University staff member during the 
summer months and part-time services of specialists on the teaching staff in 
addition to a team of graduate students. The Service has also cooperated in col- 
lecting material in support of research by Laboratory staff members. 

(d) National Science Foundation. The National Science Foundation has sup- 
ported productivity studies conducted by Dr. Jacob Verduin of Bowling Green State 
University at the Laboratory. This is a two-year project involving full time ser- 
vices of one staff member during the summer months, part-time services of 
another staff member, and several students. 

(e) Graduate Student Grants. A number of fellowships or minor grants 
enabling graduate students to attend the Laboratory to carry on research in their 
field of interest have been secured. For the most part, these have aggregated the 
equivalent of the cost of board, room, and fees at the Laboratory for the summer. 
From four to six such grants have been secured annually from local organizations, 
primarily sportsmen's clubs. One such organization has been providing a fellow- 
ship of this kind for nearly 30 years. 
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PUBLICATION OF RESULTS 


Research workers carrying on work at the Stone Laboratory are free to 
publish results of their work and are encouraged to do so. The usual outlets are 
used. In the past, some of these results were published in "Contributions of the 
Franz Theodore Stone Laboratory."' This series was discontinued with the dissolu- 
tion of the Institute of Hydrobiology in 1955. Recent researches have been pub- 
lished in the Ohio Journal of Science, Biological Bulletin, Limnology and Oceano- 
graphy, and Transactions of the American Fisheries Society. Another outlet is 
the Bulletins of the Ohio Biological Survey. 


TYPES OF WORK 


The type of work undertaken at the Laboratory is largely determined by the 
interests of the investigators, suitability of the facilities available, and the support 
that can be secured. The range, nonetheless, has been great. The work, of 
necessity, is restricted to western Lake Erie for physical reasons, except where 
a cooperative agreement makes possible the gathering of data from a wider area. 
This has been true with the excellent cooperation secured from the State Division 
of Wildlife and the U. S. Fish and Wildlife Service. The nature of the research 
conducted can best be given by a brief annotation of the projects conducted in 1958 
and those planned for the ensuing summer. 

Studies on the biology of the microcrustacena fauna of Lake Erie were con- 
tinued by Dr. Charles C. Davis of Western Reserve University. Dr. Davis has 
been particularly interested in the contribution these organisms make to the total 
productivity of the Lake and their specific role with respect to commercially im- 
portant fishes. The results of some of these studies have already been reported in 
the literature. Of unusual interest to the fisheries biologists are Dr. Davis' ob- 
servations on damage to fish fry by cyclops. Quoting from Dr. Davis' report on 
his 1958 studies, "It is well known that species of Cyclops and their relatives form 
an important part of the food of many fishes. From the above, however, it is 
evident that a certain amount of harm may be done by them to very young fishes 
during the period when the fish are more or less helpless. Most such fishes in 
fresh water lie on the bottom, and are therefore somewhat protected from preda- 
tion by copapods, but many species of Cyclops and related genera are noted for being 
only semi-planktonic, and others occur primarily among water plants, or on the 
bottom itself. They explore the benthic region for food, as well as the pelagic. In 
the conditions of the present experiment, the concentration of Mesocyclops was 
equivalent to 500 per liter, a quantity that is rather high, but not infrequently en- 
countered in nature. The possible extent of damage that can be inflicted by 
cyclopoids upon fish fry needs to be assessed further by larger scale experiments 
than that reported here, and by observations in nature. " 

Another study initiated last year concerns the age and growth of the channel 
catfish. Dr. Gerardus C. de Roth of Defiance College has undertaken this study. 
Although work was initiated at Stone Laboratory, it is being continued at Defiance 
on a year-round part-time basis. The cooperation of the staff of the U. S. Fish 
and Wildlife Service research vessel "Cisco" and the research vessels of the 
Division of Wildlife were obtained in this project. It is too early to judge the re- 
Sults of this project, as much new material is yet to be collected and examined. 
Age and growth are being determined by conventional methods of examining cross- 
sections of the left pecterol spine cut with a jeweler's saw and examined under 85.5 
diameter magnification. The usual length, weight measurements are taken. These 
measurements are to be used in calculating age versus growth, annual increments 
and variations due to environmental factors. Six hundred and thirty spines have 
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been measured to date. The total radius of each spine and the radius of each visible 
annulus is measured to the nearest millimeter on the projected image. 

Under a contractual arrangement with the U. S. Fish and Wildlife Service, 

a study was undertaken of food habits of eight species of Lake Erie fishes. In addi- 
tion, two species, the channel catfish and the white bass, were studied under an 
arrangement with the State Division of Wildlife. Altogether, 15,000 stomachs of 
fishes collected from index stations throughout the Lake by the research vessels of 
the Fish and Wildlife Service and the Division of Wildlife were examined or collected 
for examination. A preliminary report on this work has been prepared and made 
available to the Fish and Wildlife Service and the Division of Wildlife. A complete 
report is anticipated at the end of this season when it is expected that the work 

will have been completed on the remaining unexamined stomachs. 

Dr. Jacob Verduin of Bowling Green State University continued during the 
past summer a Study of the environmental factors affecting total biological produc- 
tivity of the waters of the Island Region. This study was financed by a grant from 
the National Science Foundation. A special effort in this study was a measurement 
of that portion of planktonic production in Lake Erie waters not detected by conven- 
tional methods. Dr. Verduin reported in his request for extension of the project 
that ''The two year study at Put-in-Bay revealed that studies of productivity under 
completely natural conditions yielded rates about twice as high as those obtained 
under the experimental conditions on which most estimates presently contained in 
the literature are based. The yields from one season to another, and at different 
times during the same season, varied considerably. Some of this variation seemed 
correlated with difference in species composition and population density, some with 
variation in meteorologic conditions, and water turbidity. To study the photosynthe- 
tic and respiratory rates under completely natural conditions, CO, and Op deter- 
minations at 4-hour intervals would provide the measure of CO, and Op» change. 
Plankton counts, light intensity measurements, and determinations of vertical 
turbulence would be made for correlation with the O, and CO, changes. The de- 
parture of O» and CO, levels from equilibrium between air and water would be de- 
termined to provide estimates of the importance of Oj and CO» exchange between 
water and atmosphere. " 

Dr. N. Wilson Britt has continued his studies on the life history and ecology 
of mayflies in the Island Region, and Dr. Howard Clemens continued his investiga- 
tions on the use of hormones to induce ovulation of channel catfish and sheephead. 
The latter two were studies conducted during their non-teaching time. Dr. Stanford 
Smith of the U. S. Fish and Wildlife Service in his report on the meeting of the re- 
search sub-committee of the Lake Erie Fish Management Committee noted that 
"Recent studies at Put-in-Bay and at index stations have shown that severe oxygen 
depletion from stagnation, not observed previously, may now be common. Workers 
at Put-in-Bay recorded a general period of stagnation in 1953 that resulted in ex- 
tensive destruction of mayfly larvae living on the bottom, and a fish kill on the 
Canadian shore was reported about the same time. Observations in 1958 at an en- 
vironmental-index station on the eastern edge of the western basin showed a con- 
tinual oxygen depletion near the bottom during the summer. These observations, 
together with the low abundance of mayflies in 1957 and 1958 and reports of summer 
fish kills in recent years, have focused attention on stagnation, oxygen depletion, 
and related phenomena. It may be most significant that stagnation can occur after 
or during the spawning period of many important species in the western and central 
basin. Routine measurements at index stations and studies at the Put-in-Bay 
Laboratory will provide additional information on the occurrence of oxygen deple- 
tion. When stagnation occurs, intensive studies may he undertaken to describe 
more fully the conditions contributing to stagnation, and the effects on bottom and 
plankton organisms, and on fish eggs, larvae and adults. "’ 
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During the forthcoming season, it is anticipated that the food habits studies 
will be continued and Dr. Verduin's project on productivity of the Lake extended. 
Mr. Fabian will follow up Dr. Davis' observations on the role of cyclops as preda- 
tors of fishes, Dr. de Roth will continue his studies on the age and growth of 
channel catfish,and Dr. Brinley of the University of Toledo will undertake a study 
on the embryology of the southern muskellunge. 

A new project to be undertaken this summer is an extended limnological 
survey of Western Lake Erie by Dr. N. Wilson Britt of The Ohio State University. 
It is anticipated that Dr. Britt will resurvey areas previously studied with a view 
to determining the degree to which limnological conditions affecting productivity of 
these organisms may have changed. These five projects involving six research 


persons and about a dozen students will again constitute the summer research pro- 
gram for 1959. 


AREAS OF EFFECTIVE COOPERATION 


A remarkable degree of cooperative effort characterizes the Lake Erie 
fisheries research program. This is largely effected through the Lake Erie Fish 
Management Committee which was organized in 1953. A research sub-committee 
of this group meets once or twice a year with representatives from each agency 
active in this area for effective planning and coordination of research effort. The 
usual procedure is for a meeting to tentatively outline projects and achieve under- 


standing and a second meeting to get commitments with respect to research pro- 
grams. 


There is opportunity for effective cooperation in nearly every phase of Lake 
Erie investigations. The most effective coordination will be effected, I believe, on 


a voluntary basis through meetings such as this and through maintenance of a 
wholesome spirit of cooperation among the agencies concerned. Leadership to 
bring groups together must, of course, be accepted. We are all indebted to the 
Great Lakes Research Institute for providing this kind of leadership. A similar 
level of leadership and cooperation exists in the fisheries field through the Great 


Lakes Fish Commission and cooperating governmental agencies concerned with 
the Lake. This speaks well for the future. 
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CURRENT STATUS OF FISHERIES RESEARCH PROJECTS 
K. H. Loftus 


Biologist, Ontario Department of Lands and Forests 
Division of Research 
Maple, Ontario 


INTRODUCTION 


As partial fulfillment of the recently signed Federal-Provincial Agreement 
on Ontario Fisheries, a report covering the progress and immediate plans of the 
Fisheries Section, Division of Research, was prepared. 

Reports were prepared for Lakes Erie, Huron, and Ontario by members of 
the staff of this Division. The Lake Erie Report is presented here as an example 
of the type of work done on all three lakes. Descriptions of the other activities of 
the Division which deal with the Great Lakes are also presented. 

The staff of the Division numbers about thirty-five persons. 


LAKE ERIE 
Blue Pickerel 


Progress to 1958 


General data concerning this species have been accumulated in the com- 
mercial catch sampling program since 1954. It is quite apparent that the blue 
pickerel is another of the valuable commercial species which is subject to extreme 
fluctuations in abundance from year to year. In 1958 a detailed study of the early 
life history of blue pickerel was initiated in an attempt to define and understand 
the causes of these fluctuations. Major spawning areas were located and prelimin- 
ary observations of developing eggs were achieved. Attempts to collect young of 
the year pickerel were unsuccessful. 


Plans for 1959 


Experimental gill-netting to determine age and sex composition of the 
spawning population is planned, particularly in the major spawning area of 
Ashtabula. It is hoped that large collections of eggs may be made during all stages 
of incubation. Some fertilized eggs will be brought to a hatchery for hatching and 
rearing as an aid in identification of very young fish. Attempts will be made to 
locate and collect fry and fingerlings at some inshore sampling station in the Long 


Point bar vicinity. A report or publication of blue pickerel data accumulated 
since 1954 is planned. 
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Commercial Catch Sampling 
Progress to 1958 


Examination of fish from the commercial catch was initiated in 1954 in 
order to obtain information primarily on age structure of the catch plus information 
on size, growth, food, sex and lamprey predation. The sampling procedure has 
been modified and extended until a fairly adequate level was reached in 1958 out of 
the ports of Wheatley and Port Dover. This program has provided current informa- 
tion of value to management and to commercial fishermen, and more important, is 
developing a back-log of data on which an expanded research program can be based. 


Plans for 1959 


Continue sampling and improve coverage as opportunity arises. 


Smell 
Progress to 1958 


General information on smelt movements, abundance and concentrations 
has been accumulated since 1954. In addition, detailed observations on sex ratio, 
age composition and size have been made annually on the spawning populations. 
Speciai attention has also been given to the post-spawning mortality of males. 


Plans for 1959 


Accumulated data will be examined and published. Emphasis will be shifted 
irom the spawning period to the accumulation of more detailed information on move- 
ments and concentrations at other times of the year. This shift of emphasis is re- 
quired by the initiation of gear development research. 


Sea Lamprey 
Progress to 1958 


A monthly questionnaire contact with the commercial fishermen has been 
maintained since 1954. Initially this questionnaire was designed to discover where 
and at what season most predation occurred, and what species were involved. In 
recent years the questionnaire has been combined with a newsletter which provides 
a healthy and regular contact with the fishermen. Some data have also been ac- 
cumulated on the spawning, movements and growth of the sea lamprey in Lake 


Erie. A journal paper containing this information and that arising out of the ques- 
tionnaire is in final form. 


Plans for 1959 


The questionnaire-newsletter contact with the commercial fishermen will 
be continued with emphasis on the newsletter. 
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Yellow Pickerel 


Progress to 1958 





A general tagging program, involving yellow pickerel among several others, 





























yn was initiated in 1954 to develop a general knowledge of population movements. 

With the achievement of this objective the general tagging program was terminated 
in 1957. During 1958 a large number of pickerel were tagged in the Lake St. Clair 
a- area in cooperation with Lake Erie district staff. It is hoped that this work will 
s clarify the role of Lake St. Clair in relation to stocks of fish in western Lake Erie. 
d. 

Plans for 1959 
Further tagging and recapture studies are planned in the spring. 
Effect of Seismic Explorations 
This was a short term project initiated and completed during 1958 at the 
request of the Division of Fish and Wildlife. Its purpose was to measure the effect 
in terms of fish mortality of seismic explosions undertaken by gas exploration 
interests. Cages containing live fish were placed at measured distances from the 
explosive charges and at different depths. A series of charges of varying intensity 
and velocity were tested. Fish kills were recorded visually and interpreted from 
dissections of caged live specimens. 
A minor journal paper is in preparation to report on this activity. No 
further work is anticipated. 
ed 
ve- 
e- HYBRID SELECTION 
Stocks on Hand 
Year Class Fi Fo F, Fix fontinalis Fix namaycush 
: 1959 x x x x x 
=e 1958 x x x 
n 1957 x x (planted) 
les 1956 x 
1955 x 


1952 


Present Status of Selection Work 








Ninety-six of the Fo hybrids (1955 yr. class) were stripped in the fall of 
1958 and each fish was branded with an identification number. The progeny from 
each cross (Fg, 1959 yr. class) are being reared in individual containers for a 
comparative study of characters of parents and offspring. The purpose of this is 
to attempt to learn something about the pattern of inheritance of the desired 
characters in these hybrids - to relate genotype with phenotype. 
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Approximately 60 speckled trout backcross of the 1957 year class were 
stripped and branded in the fall of 1958. The progeny of these crosses are being 
reared individually for the same sort of study as that being made for the F, hybrids. 

The number of fertile eggs from some of these crosses was very high; from 
others very low. The fertility records of individual fish will be used in selecting 
breeding stock for future spawning. There is naturally no automatic selection 
against sterile or nearly sterile individuals. 

Four hundred speckled trout backcross of the 1958 year class have been 
tested for their ability to retain gas in their swimbladders. One hundred of these 
have been selected; the remainder have been preserved for morphological examina- 
tion. 


Plans for 1959 


Selection is continuing on the approximate 1500 speckled trout backcross 
(1958 yr. class) remaining. A second selection test will be made on all of the 
selected fish and the numbers further reduced. The selected fish will be tested for 
maturity and the mature ones stripped in the fall of 1959. 

All of the Fy hybrids of the 1955 year class - both branded and unbranded- 
are to be tested for flotation. All of the speckled trout backcross (1957 yr. class) 
are to be tested for flotation. Following flotation tests in both these cases only 
those fish which were mature in 1958 will be retained for breeding stock. 

The approximately 120 lots of Fs and speckled trout backcross progeny 
being reared in individual containers are to be tested for flotation this summer. 

The speckled trout backcross (1959 yr. class) will be tested for flotation as 
soon as flotations have been tested for all other stocks listed above. 

All mature fish will be spawned in the fall of 1959 to produce Fj, Fo, F 
hybrids and both backcrosses. The program for rearing progeny in individual lots 
will be expanded. 


LABORATORY FOR EXPERIMENTAL LIMNOLOGY, MAPLE 


No details of projects being undertaken at the Maple Laboratory are included 
in this report since these projects are directed by Dr. F. E. J. Fry of the Univer- 
sity of Toronto. The Department of Lands and Forests provides facilities for 
these studies through the Division of Research. A separate publication is planned 
for 1959 and will report on all projects since 1953. 

Titles of current projects and the names of students undertaking graduate 
work on these projects are listed. This list will provide the opportunity for those 


especially interested to make personal contact with the persons undertaking the 
research. 


1. Action of the swimbladder in the Salmonidae - J. S. Tait, 
This project led to the development of the technique used in the hybrid 
project to select for the deep-swimming character. 


2. Factors influencing the reproductive cycle of fish - Miss N. E. Henderson. 
This project deals mainly with the effect of light and temperature. 


3. The effect of temperature and oxygen content on the development of fish eggs - 
E. T. Garside. 


Effects are being measured in terms of morphometry and are significant. 
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The effect of carbon dioxide on respiratory volume - R. L. Saunders. 
A micro-technique has been developed to measure the amount of oxygen 
extracted from a measured volume of water as it passes through the 
gills, the water containing controlled amounts of carbon dioxide. 


Influence of the early thermal history on the lethal temperature of trout and 
char - E. T. Coxand F. E. J. Fry, 


Morphometry of Salvelinus - E. P. Slastenenko. 
This work involved primarily hybrids of F, and F», generations in 1958. 


7. Storage of fish sperm - N. E. Henderson and Division of Research. 
8. Effects of the products of metabolism on the respiration of fish - W. F. Beamish, 


Planned Projects 


1. Hard water versus soft water for rearing the eggs of rainbow trout. 


2. Genetic and environmental variation in lake trout. 











UNIVERSITY OF TORONTO 


F. E. J. Fry 


Professor of Zoology 
University of Toronto 
Toronto, Ontario 


The University of Toronto, under contract with the International Great Lakes 
Fisheries Commission and in cooperation with the Ontario Department of Lands and 
Forests, is compiling a subject and author index of scientific publications concern- 
ing the Great Lakes. The bibliography is being placed on 3 x 5 filing cards. Ap- 
proximately twenty copies of the file are being produced, to be distributed to 
various appropriate agencies by the Commission. 

It is hoped that all agencies will cooperate by promptly sending copies of 


current publications to Dr. J. M. Speirs, Department of Zoology, University of 
Toronto, Toronto 5. 
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GREAT LAKES LIMNOLOGICAL INVESTIGATIONS 
Alfred M. Beeton 


Fishery Research Biologist 
Great Lakes Biological Laboratory 
U. S. Bureau of Commercial Fisheries 
Ann Arbor, Michigan 


The need for limnological research on the Great Lakes has been recognized 
by personnel of the Ann Arbor Biological Laboratory (formerly Great Lakes Fish- 
eries Investigations) of the U. S. Bureau of Commercial Fisheries for many years. 
We think of the Great Lakes as an environment for fish; consequently we are in- 
terested in the physics, chemistry, and biology of the lakes as well as meteorological 
influences on the aquatic environment. 

Our research may be conveniently categorized under 3 headings: general 
surveys, studies on particular unit problems, and long-term investigations. These 
divisions reflect the development of our program. 

General surveys of the lakes logically preceded studies of specific problems, 
since we did not have enough basic knowledge of the chemistry, physics, and biology 
of the lakes to plan specific studies. General fishery and limnological surveys were 
made in Lake Michigan in 1951, 1952, 1954, and 1955; Lake Huron in 1952 and 1956; 
Lake Superior in 1952 and 1953; and in Lake Erie in 1957 and 1958. 

Fortunately, similar surveys were made in Lakes Erie and Michigan 30 
years ago. Comparisons between the observations of then and now indicate accel- 
erated eutrophication in Lake Erie. Lake Erie is changing from a lake that sup- 
ported large populations of fish that require cold water with high oxygen content 
into one more strongly dominated by warm-water species that are.adapted to lower 
oxygen concentrations and higher temperatures. The oxygen content of the bottom 
waters of the western area seldom dropped below 80 per cent saturation during the 
summer in 1928-1930 (Wright 1955). In the summer of 1958, however, the satura- 
tion averaged 70 per cent in the Detroit River outflow and 36 per cent east of the 
Island region off Lorain, Ohio. During one period the oxygen saturation dropped to 
10 per cent. Changes have occurred also in the water temperatures. At the 
present time the mean annual water temperature of the lake is approximately 2° F. 
warmer than prior to the late 1920's (based on data from Erie, Pa., water intake). 

Major changes have occurred in the bottom fauna. Prior to the summer of 
1953, the population of mayfly larvae averaged around 400 per square meter of lake 
bottom. A prolonged period of very calm weather in the summer of 1953 resulted 
in thermal stratification that was accompanied by severe oxygen depletion in the 
bottom waters. A week later Britt (1955), of Ohio State University, found only 44 
live mayfly larvae per square meter. The mayflies recovered rapidly in 1954, but 
in 1957 we found only 39 larvae per square meter. Evidently another die-off oc- 
curred between 1954 and 1957. Tubificid worms have increased from 12 per square 
meter in 1929 (Wright 1955) to 551 per square meter in 1957 and midge larvae from 
56 per square meter in 1929 to 299 per square meter in 1957. Caddisfly larvae 
were formerly abundant, but averaged less than 1 per square meter in 1957. 

Comparisons of our 1954 and 1955 data from Lake Michigan with those 
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collected by the Bureau in 1930 (Moffett 1957) show a large change in the fish popu- 
lations after the invasion of the sea lamprey. Lake trout disappeared, larger chubs 
(Leucichthys nigripinnis, L. johannae, L. alpenae, L. kiyi, L. reighardi, L. 
zenithicus) decreased to 37 per cent of their former abundance, while another chub 
species (L. hoyi) showed a 347 per cent increase. 

Some information from general surveys has already been published by 
Bureau personnel or investigators outside of our organization. Considerable 
material has been used by graduate students in their studies for masters or doctoral 
degrees. 

Data on the sediments of Lake Michigan have been published by Hough (1958). 
Bottom fauna samples collected in Lake Huron are being studied by a student from 
Wayne State University. A student from Michigan State University is writing a 
masters thesis on the bottom fauna of Lake Michigan. A report on our limnological 
data from Lake Superior (Beeton, Johnson, Smith 1959) will be published soon. 
Three manuscripts based on data from the 1954 and 1955 Lake Michigan surveys, 
have been written--2 on plankton” and 1 on drift-bottle returns--and a paper on 
changes in the fish populations has been published (Moffett 1957). The manuscripts 
will probably be published soon as either Fishery Bulletins or Special Scientific 
Reports. 

Several limnological studies have been conducted by the Bureau. The 
Bureau cooperated with the Great Lakes Research Institute, Ontario Department of 
Lands and Forests, University of Toronto, and the Michigan Department of Con- 
servation in synoptic surveys, i.e., the simultaneous measurement of physical and 
chemical conditions at a number of points in Lake Huron in 1954. Three synoptic 
surveys were conducted in Saginaw Bay in 1956 in cooperation with the Michigan 
Department of Conservation. Three 3-day synoptics were completed in western 
Lake Erie in 1958 in cooperation with the Ohio Division of Wildlife. Of the manu- 
scripts written on materials from the Saginaw Bay study, one on water transparency 
(Beeton 1958) and another on drift-bottle returns (Johnson 1958) have been pub- 
lished. A student from Michigan State University has completed his Ph.D. thesis 
on the sediments of Saginaw Bay. 

Research on certain projects too large or specialized to be undertaken by 
our staff has been handled by contracting with organizations such as the Great Lakes 
Research Institute of the University of Michigan or the Natural Resources Institute 
of Ohio State University. The Great Lakes Research Institute is completing a study 
of possible applications of meteorological and hydrographic data from water treat- 
ment plants, industry, etc., in research on Great Lakes hydrography and fisheries. 
The Natural Resources Institute is examining some 12,000 fish stomachs from 8 
species collected by the Bureau in western Lake Erie in 1958. 

Although these studies and surveys are extremely valuable, they have the 
common fault of showing only the conditions existing during a short time in a par- 
ticular area. This deficiency points up the major weakness in Great Lakes re- 
search--the lack of long-term studies. We lack long-term measurements of en- 
vironmental factors to correlate with the tremendous fluctuations in the abundance 


of certain fish or the collapse of a fishery such as the cisco in Lake Erie in 1925 
(Van Oosten 1930). 


Beeton, Alfred M. 1957. The vertical migration of Mysis relicta in Lakes Huron 
and Michigan. Ph.D. thesis, University of Michigan. Welis, LaRue. Sub- 
mitted for publication. Seasonal abundance and vertical movements of plank - 


tonic Crustacea in Lake Michigan. 


2 Wood, Leonard Eugene. 1958. Bottom sediments of Saginaw Bay, Michigan. 


Unpublished Ph.D thesis, Michigan State University. 
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To correct this situation we are initiating limnological and fishery observa- 
tions that will be made routinely for a long time. We shall attempt first to sub- 
divide areas of the Great Lakes into ecological zones. In some areas, where we 
have conducted intensive studies, we have good criteria for establishing these 
zones; in other areas our zones must be set up tentatively. Once we have defined 
an "ecological zone, '' we establish one or more "index stations. '' Sampling of 
most aspects of the environment is conducted at these stations at least 3 times each 
year. Periodic review of materials and observations will indicate any need for 
changes in procedure or station locations. Current procedure includes sampling of 
net and nanno-plankton, bottom fauna and fish: measurement of water transparency, 
temperatures, and movements; and the collection of water for chemical analysis. 
Three "index stations" have been established in the Apostle Island region of Lake 
Superior and 7 in western Lake Erie. 

Our studies to date have provided a wealth of basic information, since we 
have not only carried out fishing operations but also have made meteorological ob- 
servations, chemical determinations, bathythermograph lowerings, and sampled 
the plankton and bottom fauna (Smith 1956). 

Data from surveys and special and long-term studies are making possible 
the description of the chemical characteristics of the waters of the Great Lakes. 
Approximately 20, 000 individual determinations by the Bureau's Ann Arbor Labora- 
tory have been made on water samples from all the lakes except Ontario. 

Extensive records for Lake Superior demonstrated a surprising uniformity 
of chemical conditions. Concentrations of most ions differed only slightly between 
areas and had only limited seasonal and vertical variation. It is seldom that the 
chemical content of freshwater lakes has such limited variation. In fact, the con- 
centrations of the major cations, calcium, magnesium, and sodium (12, 3, and 1 
ppm, Table1), were so uniform from area to area during most of the year that they 
were valueless for identifying water masses. Total phosphorus (average 13.6 ppb) 
and specific conductance (average 78.7 mhos/cm x 10° at 18° C. [Ky 9x10°)) dif- 
fered somewhat more between areas. Total phosphorus averaged 5 ppb in the open 
lake and 10 to 15 ppb along the south shore. Silica concentrations (average 5.0 
ppm) were higher than in the other lakes, and total alkalinity was lower (average 
44.2 ppm in 1953). The average pH was 7. 4; although lower values occurred in 
deep water, vertical differences were slight. 

Both the difference among areas and the vertical gradients varied more for 
all ions in Lake Michigan than in Lake Superior. Calcium was the most abundant 
cation (average 31.5 ppm), magnesium was next (average 10.4 ppm), followed by 
sodium (average 3.4 ppm, Table 1). The slight vertical differences in concentra- 
tions were more pronounced at times of thermal stratification. Total phosphorus 
and silica differed considerably between areas and at various depths. Phosphorus 
(average 12.6 ppb) varied as much as 6 ppb vertically; the highest values frequently 
occurred at a depth of 15 meters. Silica concentrations averaged 3.1 ppm at all 
depths during homothermous conditions. Surface values decreased to 1. 5-2.0 ppm, 
and hypolimnion concentrations increased to 3.5-5.0 ppm during thermal stratifica- 
tion. Specific conductance decreased slightly during the summer. Surface values 
usually averaged lower than subsurface. The pH averaged 8.0. Vertical differ- 
ences were small and variable in the spring and fall, but were well established 
during thermal stratification when the pH dropped from 8. 4 in the epilimnion to 
7.6-7. 8 in the hypolimnion. 

Our knowledge of the chemical characteristics of Lake Huron water is 
limited since we lack sufficient data from the north, central, and Georgian Bay 
regions, and analyses of samples from the southern basin have not been completed. 
The information that we do have indicates that there are usually several major 
water masses. Lake Michigan and Lake Superior waters retain their identity for 
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varying periods in the northern region and subsequently mix in the central basin. 
The low average conductivity and total alkalinity values of 1952 (Table 1) are due to 
the large number of determinations from the St. Marys River outflow. Water from 
Georgian Bay and Saginaw Bay probably give rise to distinct water masses. 

The chemical characteristics of water at the mouth of Saginaw Bay differ 
greatly from that of the bay proper and undoubtedly are representative of central 
Lake Huron water. Calcium (average 27.0 ppm) was the most abundant cation. 
Magnesium (average 7.4 ppm) was next, followed by sodium (average 2.7 ppm) and 
potassium (average 1.15 ppm). Seasonal variations were small in the concentra- 
tions of these ions and specific conductance. The greatest seasonal variations 
occurred in total phosphorus (average 16.0 ppv). The average total alkalinity 
(94. 8 ppm) was considerably higher than the average sulfate content (9.7 ppm). The 
pH averaged 8.0; seasonal changes were similar to those in Lake Michigan. 

The variation in the concentrations of all ions was greatest in Lake Erie, 
especially in the west end. Major factors in this variability are the shallowness of 
the western basin, the influence of the Detroit River, and the large amount of 
allochthonous material. The most abundant cation again was calcium (average 
36.7 ppm), magnesium was next (average 10.2 ppm), sodium, third (average 7.7 
ppm), and potassium, fourth (average 1.68 ppm). Silica content (average 1.6 ppm) 
varied greatly seasonally and differed from area to area (Table 1). This variation 
may be due to diatom blooms. The phosphorus content was much higher than in the 
other lakes (average 44.3 ppb). Total alkalinity (average 90.4 ppm) and sulfate 
(5.9 ppm) concentrations differed considerably from area to area. The pH averaged 
8.3 in the west end. Vertical differences in pH were small due to homothermous 
conditions in the west end throughout most of the year. In deeper areas during 
periods of thermal stratification pH reached a maximum of 8.6 at the surface and 
7.4 near the bottom. 

Over 1, 200 dissolved-oxygen determinations have been made in Lakes Erie, 
Huron, Michigan, and Superior. The waters of Lakes Huron, Michigan, and 
Superior, even in the deepest areas, are nearly saturated with oxygen throughout 
the year. Oxygen concentrations are somewhat less in Green Bay and Saginaw Bay 


and, as mentioned previously, sometimes approach critically low concentrations in 
certain areas of Lake Erie. 
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U. S. LAKE SURVEY 


L. D. Kirshner 


U. S. Army Engineer District 
Lake Survey, Corps of Engineers 
Detroit, Michigan 


Organization. The United States Lake Survey is a unit of the Corps of 
Engineers, United States Army. The line of command stems directly from the 
Chief of Engineers through the Division Engineer, North Central Division, to the 
District Engineer, U. S. Lake Survey. The technical staff of the Lake Survey is 
organized in three divisions: the Cartographic Division, the Map and Chart Plant, 
and the Engineering Division. It is the work of the latter division that is of primary 
interest to agencies carrying on research in the Great Lakes. 

The total permanent staff of the Lake Survey numbers about 200, but only 
about 70 of this number comprise the Engineering Division. When the field groups 
are operating during the navigation season, the Engineering Division staff is aug- 
mented to the extent of about 15 temporary employees and the surveyboat crews 
increase the total by about 20 men. Thus, during the field season, the total strength 
of the Engineering Division is about 105. 

Mission. The Lake Survey produces navigation charts of the Great Lakes 
and certain contiguous waters, collects and studies factors pertaining to the hy- 
draulics and hydrology of the Great Lakes, and compiles ground maps for the 
armed services on a contractual basis for the Army Map Service. The first two 
aspects of this mission are the subject of this report. 

Financial Support. Each year the Congress of the United States makes a 
direct appropriation for the ''Survey of the Northern and Northwestern Lakes." 
The first such appropriation was made in 1841 when the Great Lakes truly were 
the northern and northwestern lakes of the young nation--and the name has been 
applied ever since. The 1841 appropriation was $15, 000; the current appropria- 
tions are about $500, 000. 

In addition to the basic appropriation, under present arrangements, annual 
amounts are included in the various navigation projects for allotment to the Lake 
Survey for charting purposes. These provide for the revisory surveys and the 
resounding of the shoal coastal waters that will be described later herein. 

Under ordinary circumstances, the only other Lake Survey funds, aside 
from those provided by Army Map Service for the compilation of ground maps, are 
those contributed by other Corps of Engineers districts and other government 
agencies in payment for special studies or work requested of the Lake Survey. In 
some years, however, additional monies are provided to meet unusual conditions. 
For example, in 1959, a sum has been allotted to help retire a large backlog of 
deferred maintenance work that has accumulated over the years because of inade- 
quate funding. It is intended primarily to speed completion of the modern sounding 
program in the deep-water areas of the lakes which will provide better coverage 
than afforded by the original surveys. Another amount has been provided in con- 
nection with Lake Survey work on a special study of lake levels of the Great Lakes 
being conducted by North Central Division in compliance with a directive of the 
Public Works Committee of the House of Representatives. 
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The funds allocated to the Lake Survey are for specific purposes and, 
by law, must be expended for these purposes. The purposes generally do not 
contemplate pure research; although in some cases, a certain amount of research 
is necessary to accomplish the objectives, particularly in conjunction with the hy- 
draulic and hydrologic investigations. In other cases, however, it is possible to 
collect data for scientific purposes in connection with field operations at no increase 
in cost of the operations. 

Types of Work. The types of work being carried on by the Lake Survey can 
be described best by a résumé of current and recent work. Field activities per- 
taining to charting in 1959 will consist of a revisory survey of the harbors and 
other critical waters of Lake Michigan, a survey of the Lake St. Lawrence section 
of the St. Lawrence River, first order levels between Lakes Huron and Erie, 
sweeping of an area in northern Lake Michigan in the vicinity of the sunken CARL 
D. BRADLEY, sounding in northern Lake Michigan in the area between the islands 
and the Michigan mainland, sounding and investigation of Poe Reef and Lansing 
Shoal, detailed sounding and sweeping in the west end of Lake Erie, and more 
widely spaced sounding in other areas of Lake Erie. 

The revisory survey of Lake Michigan harbors is part of a continuing pro- 
gram that in each three-year period covers all of the United States waters of the 
Great Lakes, the New York Canals, and Lake Champlain. New editions of Lake 
Survey charts are issued incorporating the results of these surveys. 

The survey of the Lake St. Lawrence section of the St. Lawrence River was 
required by the construction of the international power and seaway projects. It will 
be a joint effort between the Lake Survey and the Canadian Hydrographic Service, 
each organization accomplishing half of the work. 

The first order levels between Lakes Huron and Erie will complete the re- 
newal of the level lines between adjacent lakes and along the St. Lawrence River. 
All of these levels will be used in conjunction with levels run in Canada by the 
Geodetic Survey to establish a new International Great Lakes Datum that will be 
adopted by the federal agencies of both countries to replace the several datums 
now in use. In addition to benchmarks along the rivers, the Lake Survey has 
established and maintains benchmarks in all of the United States harbors on the 
Great Lakes. 

The sweeping in the area of the sunken "Bradley" is to disclose a possible 
uncharted shoal that the vessel may have struck or, as the Lake Survey confidently 
expects, to guarantee that there is no such shoal. The survey will also disclose 
whether any of the vessel wreckage constitutes a menace to navigation. 

The investigations of Poe Reef, Lansing Shoal, and the west end of Lake 
Erie are being made for the Detroit District of the Corps for use in connection with 
improvements being made in the connecting channels to accommodate the deep- 
draft seaway traffic. 

The other sounding in Lake Erie and the sounding in northern Lake Michigan 
is a continuation of the program to provide better coverage in the deep-water areas 
of the lakes. In recent years, Lake Superior, Lake Huron, and most of Lake 
Michigan have been sounded. When completed, the program will provide accurately 
positioned soundings of these areas on lines a maximum distance of a mile and one- 
half apart. The control on this program has been effected using Raydist, EPI, or 
Shoran electronic positioning systems. It is of interest that during the Lake 
Superior sounding a series of well-defined trenches was disclosed and a new "deep" 
of 1,333 feet was discovered. The Geology Department of Michigan College of 
Mining and Technology became interested in these findings because of their pos- 
sible geological significance and is at present conducting a study using the survey 
drawings and bottom samples obtained in the area. 

The Lake Survey has established and maintains complete networks of 
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primary and secondary triangulation on all of the Great Lakes. The only work be- 
ing done this year on horizontal control is the second-order work that will be re- 
quired in connection with the hydrographic surveys. These secondary extensions 
will be made by use of a recently acquired Tellurometer system. 

In addition to the hydrographic surveys, the field groups collect certain 
other data that are of interest to research agencies. These comprise bottom 
characteristics, surface and serial water temperatures, wind direction and velocity, 
air temperature, relative humidity, and observations upon unusual lake currents. 

The charting activities of the Lake Survey in the 119 years of its existence 
have produced a mass of hydrographic and related data that are retained on a per- 
manent basis in the Lake Survey archives in Detroit. These data are recorded in 


some 8, 600 field notebooks, 1, 800 folios of computations, and 2, 000 survey draw- 
ings. 


















Current continuing work in the field of hydraulics and hydrology of the Great 
Lakes includes the operation of about 50 permanent water level gages, measure- 
ment of flows in the outflow rivers, computation of precipitation on the drainage 
basins and on the lake surfaces, tabulation of diversions, determination of the out- 
flows of the lakes, forecasting lake levels, and computation of natural and regu- 
lated levels of Lake Ontario. In addition, studies are made for many and varied 
special purposes. Some of those in progress or completed recently include the 
movement of the earth's crust, the relationship of precipitation over northeastern 
Lake Michigan to that at stations along the perimeter of the lake, the rate of littoral 
transport at four existing and proposed harbor sites and the design wave at these 
sites, the effect of navigation channel widening and deepening on outflow river regi- 
mens and compensation therefor, the relationship between over-water and over-land 
wind, Lake Erie seiches and wind and wave set-ups, the effects on lake levels of 
diversions, evaporation from Lake Ontario, run-off from the Lake Ontario basin, 
determination of the effect of changes in the Interr.ational Rapids Section of the St. 
Lawrence River on Lake Ontario water levels, and the development of regulation 
plans for all of the lakes. 

A great deal of the hydraulic and hydrologic work is done in connection with 
the work of international engineer boards and committees. In addition to those 
established by the International Joint Commission, namely, the International St. 
Lawrence River Board of Control, the International Lake Ontario Board of Engin- 
eers, the International Niagara Board of Control, and the International Lake Su- 
perior Board of Control, these include the St. Lawrence River Joint Board of 
Engineers and the International Niagara Committee, established by the two govern- 
ments, and an international coordinating committee established by the Lake Survey 
in cooperation with three Canadian departments. The latter committee through 
joint studies will develop basic data for such factors as lake levels and river flows 
that will be adopted as the official values by the responsible federal agencies in 
both countries. The new International Great Lakes Datum, mentioned earlier, is 
the work of this coordinating committee. 

The Lake Survey data collecting activities produce records of lake and river 
levels at strategically located points all over the Great Lakes system, records of 
river flows, records of precipitation, and records of diversions which are the 
principal basic data required to conduct hydraulic and hydrologic studies. The 
current and recent special studies mentioned have produced results as follows: 

Studies of the movement of the earth's crust show that most of the land 
surrounding the lakes is lowering with respect to sea level. The rate of movement 
varies from place to place and the lake shores in general are lowering at greater 
rates than the lake outlets. This is resulting in a gradual inundation of the shores 
by the lake waters. The rate of this differential movement in places is as great as 
one foot per hundred years. 
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The northeastern Lake Michigan precipitation study indicates that precipita- 
tion over the lake during the summer is about 10 per cent less than that over the 
adjacent land, but during the winter it is about the same. 

The rate of littoral transport at the four harbor sites studied was deter- 
mined to be greatest at Little Lake on Lake Superior where it is 90, 000 to 170, 000 
cubic yards per year and least at West Harbor on Lake Erie where it is 1, 600 
cubic yards per year, with Leland on Lake Michigan and Lexington on Lake Huron 
falling within these limits. Similarly, the design deep-water wave for a 1 per cent 
occurrence is 14. 8 feet at Little Lake and 5.7 feet at West Harbor. These figures 
have no particular significance from an over-all viewpoint as they do not neces- 
sarily represent maxima and minima on the lakes. They show only the range be- 
tween the four sites. 

The connecting channel studies established that improvements in the lower 
Detroit River would lower the levels of the river by 0.16 foot, Lake St. Clair by 
0. 12 foot and Lakes Michigan and Huron by 0. 08 foot if they were not compensated. 
This study also determined that dikes having a total length of 14, 300 feet along the 
Amherstburg channel would provide the necessary compensation. 

The over-water over-land wind study established that over-water winds 
vary according to the stability of the over-water air masses and on the average are 
about 1.8 times stronger than the over-land winds. 

The Lake Erie seiche and wind and wave set-up studies determined that the 
time of travel of the seiching action between the ends of the lake is 7-1/2 hours and 
developed formulae for computing the wind and wave water level set-ups from the 
wind velocities. 

Studies of the effects on lake levels of the various diversions produced such 
data as the effect on Lake Ontario of the diversions into Lake Superior from Hudson 
Bay drainage. These were determined month by month from the inception of the 
diversions and it was established that the ultimate effect of the current 5, 000 cubic 
feet per second would be to raise the levels 0.24 foot. Similar data were derived 
for the other diversions and for all of the lakes. 

Lake Ontario evaporation studies disclosed that an average of 2-1/4 feet 
depth on the lake evaporates from its surface annually. 

The study of runoff from the Lake Ontario basin developed a technique for 
forecasting runoff for a month in advance based upon five factors: precipitation 
and temperature of the current month, precipitation and temperature of the ante- 
cedent month, and flows in key tributary rivers at the beginning of the forecast 
month. 

The effects of changes in the Galop Rapids reach of the St. Lawrence River 
on Lake Ontario water levels have not been released to the general public by the 
International Joint Commission for which the studies were made and cannot be 
commented upon until that time. Also, certain of the regulation plans that were 
developed at the direction of the Public Works Committee of the House of Repre- 
sentatives have not been reported to the Committee and will not be available for 
study by interested parties until they are so reported. One regulation plan for 
Lake Ontario, developed for the International St. Lawrence River Board of Control 
and the International Joint Commission, has been recommended by the Commission 
to the governments of the United States and Canada. This plan, which is about to 
be put into effect, was designed to maintain the monthly mean lake levels below 
elevation 248.0 feet at all times and above elevation 244. 0 feet during the naviga- 
tion season. These limits were established in the interest of riparian owners and 
navigation. At the same time the plan will satisfy numerous other criteria estab- 
lished to protect others concerned with the lake levels and outflows. 

Publications. The Lake Survey publishes about 130 charts of the Great 
Lakes, Lake Champlain, and the New York Canals, a volume of charts of the New 
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York Canals, and 17 charts of the Minnesota-Ontario boundary waters including 
Rainy Lake and Lake of the Woods. Reproductions of survey drawings are also 
available upon request. 

Supplementing the information on the charts, the Lake Survey publishes the 
"Great Lakes Pilot", which contains detailed descriptions of the Great Lakes and 
connecting waters and general data regarding other charted waters. 

There are two basic publications of lake levels by the Lake Survey. One is 
a hydrograph showing the monthly mean levels of each of the lakes since 1860, ex- 
cept Lake St. Clair which is shown since 1898. The other is a bulletin issued 
monthly that shows current levels and maxima, minima, and mean levels for com- 
parison. The bulletin also shows levels forecast for six months in advance. In 
addition to the two basic publications, tabulations of hourly, daily, and monthly 
levels are maintained for all of the gage sites. 

Tabulations of flows of the connecting rivers, diversions, and precipitation 
are posted currently, and tables of some of the physical data such as lake and land 
areas and shoreline lengths have been compiled. 

The charts and the Pilot are issued to federal agencies and sold to the 
general public. The hydrograph of lake levels is issued free of charge upon re- 
quest. The monthly lake level bulletin is sent regularly without cost to over 2, 000 
recipients. Other Lake Survey data are not published as formally as the foregoing, 
but reproductions of some of the tabulations are furnished regularly to those who 
have requested the information. Also, a large volume of data is furnished in re- 
sponse to numerous requests. At present the Lake Survey is studying the desir- 
ability of an annual publication of data similar to publications being made by the 
U. S. Geological Survey and the U. S. Coast and Geodetic Survey. 

Technical reports are prepared on most of the special studies made by the 
Lake Survey. There is no standard pattern for distribution of these reports but 
they are made available upon request after the initial distribution. 

Future Work. Among the charting work of special interest, already 
scheduled beyond 1959, is the continuation and completion of a program of resound- 
ing most of the shoal coastal waters of all of the lakes. Work under this program 
has already been accomplished along the Ohio coastline of Lake Erie and from Port 
Huron to the vicinity of the Straits of Mackinac, except for Saginaw Bay, on Lake 
Huron. Although all of the shoal waters were sounded to produce the initial navi- 
gation charts, the original surveys are not entirely adequate to meet the needs of 
modern navigation, particularly the great volume of small boats on the lakes. In 
conjunction with the resurvey of the shoal waters, it is planned to prepare and 
issue a new series of charts designed especially for small boats. 

In the hydraulics and hydrology field, notable studies of the future will in- 
clude comprehensive restudies of the hydraulics of the Detroit, St. Clair, and St. 
Marys Rivers and lake hydrology. The studies of the three rivers will be conducted 
internationally in connection with the work of the coordinating committee, men- 
tioned earlier. The study of lake hydrology will be for the purpose of improving 
present lake level forecasting techniques and will include such factors as snowmelt 
runoff, underground flows, and heat-budget evaporation studies. 
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THE U. S. PUBLIC HEALTH SERVICE AND THE GREAT LAKES 


H. W. Poston 


Assistant Regional Engineer 
U. S. Public Health Service 
Chicago, Illinois 


The Public Health Service's activities pertaining to the Great Lakes range 
from definite problem studies pointed specifically to the lake waters to more general 
activities which are national in scope but which include or are applicable to Great 
Lakes water resources. Four of these which may be of particular interest, namely, 
(1) International Joint Commission activities, (2) Basic Data, (3) Research and 


Analytical Development, and (4) Lake Michigan Short Filter Run Study, are briefly 
discussed. 


INTERNATIONAL JOINT COMMISSION ACTIVITIES 


The International Joint Commission was established by the Treaty of 1909 as 
a joint enterprise between the Governments of Canada and the United States. The 
control of boundary water pollution is vested in this body. Objectives for boundary 
water quality control have been adopted and advisory boards have been established 
by the Commission to assist in implementing these objectives. The Public Health 
Service has an active role on these advisory boards. 

In addition to its contribution to the work of the advisory boards, the Public 
Health Service, functioning in close collaboration with the States, maintains operat- 
ing field units in Detroit and Buffalo for the U. S. Section of the Commission. The 
field activities include collection of basic water quality data; studies of trans- 
boundary travel of pollution, determinations of improvements affected by municipal 
and industrial waste treatment; assembly of data on water uses; application of new 
analytical techniques (carbon filter, bioassay, etc.) in boundary water pollution 
control investigations, and other tasks essential in providing information to assist 
the Commission in carrying out its duties regarding boundary water quality. 

Recent phenol studies on Lake Erie indicate phenol concentrations averaging 
about 7 parts per billion in the eastern sectors of the lake not affected by discharges 
from the Buffalo area. This phenol in Lake Erie carries into the Niagara River and 
offsets phenol reduction resulting from pollution abatement programs developed by 
New York industries. 

Consideration is now being given to the vessel pollution problem as discussed 
at the Commission Conference with Great Lakes Steamship Operators in Detroit, 
February 20, 1958. Opening of the St. Lawrence Seaway in June makes this waste 
disposal problem of major importance at this time. 


BASIC DATA 


The Public Health Service responsibility for a basic data program stems 
from the delegation contained in Section 4(a) of Public Law 660, 84th Congress. 
These data are the fundamental elements needed for planning and developing all of 
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our water resource activities so essential to our nation's economy. We, of course, 
place emphasis on the great and growing need for factual information in the water 
supply and water pollution control field. 

The fullest possible information on all water supply, sewerage and industrial 
waste treatment facilities and needs in the Great Lakes Basin is fundamental to con- 
structive efforts by water pollution control authorities and others concerned. There 
is need for facts upon which to base comprehensive pollution control plans; for facts 
on the exact nature of water supply situations and waste treatment needs; for facts 
on which to base effective and fair enforcement procedures; and for information 
which will further the understanding and cooperation of industry in solving pollution 
problems. These facts and information are basic data. 

Effective planning and administration of water pollution control and water 
supply activities call for continuous acquisition of these data and their analysis as 
a guide to what has been done, what is being done, and what still needs to be done. 

To make these data somewhat manageable in this discussion, let us assume 
that all of the necessary information falls in one of the following three broad areas; 
(1) inventory data; (2) economics data; (3) water quality data. 

Inventory data will then cover physical, operating, and related information— 
including deficiencies or needs —on all water supply, sewerage and industrial waste 
treatment facilities. Economics data will deal with levels of construction activity 
in the water works and waste control field, with unit costs, service charges, 
financing of facilities, and similar items, and with measures of damage done by 
pollution and the benefits of pollution control. Finally, data covering water quality 
of the waters available will provide the elements needed for planning for water use 
and pollution control and for a continuing review of progress in developing the Great 
Lakes water resources. 

Each of us who has any responsibility in the use of water or the protection 
of its quality has an interest in at least some of this information in our work. And 
in one way or another, in carrying out our normal duties, each of us actually de- 
velops many of the facts needed to fill out the overall requirements. We keep 
records of the volume and strength of wastes, the cost of operating plants, or of 
expanding their capacities. We keep records of lake levels, river flows, falling 
ground water tables, and changing water consumption by municipalities, industries 
and agriculture. We record the dissolved oxygen, the chemicals, the silt load, and 
a host of other measures of water quality in our streams and lakes. The really 
significant point of all this is that while each of us produces some of this informa- 
tion, all of us need much more than we contribute. This is the key to the problem 
of basic data on water. There is a wealth of information but much of it never gets 
put to maximum use because it is in individual files or notebooks and not in readily 
available public documents. The basic data program of the Public Health Service 
is the assembling of these data and assessing it to see how close it comes to satis- 
fying planning needs and what is needed to fill in the gaps and to the extent that 
personnel and budget permits the filling of these gaps. 

Water Quality Data. Probably the biggest job ahead, and certainly one which 
is receiving our most careful attention, covers the entire area of water quality. A 
vast amount of information about the quality of the nation's waters does exist, but 
much of it has been gathered for the purpose of meeting the particular requirements 
of a specific study of a given stream or lake and therefore does not necessarily add 
very much to our basic need for continuing data through which to evaluate long-term 
progress in water pollution control. ' 

To fill the gap in water quality data, the Public Health Service has embarked 
upon a national water quality basic data program as part of its research program. 
The primary purpose of the program is to provide for continuous determination of 
the quality of the nation's waters. It will establish base lines for measuring pro- 
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gress in water quality improvement and for detecting early deterioration of our 
water resources. 

The National Water Quality Network, operated by the Public Health Service 
in cooperation with other Federal, state and local agencies having related interests, 
was organized in the fall of 1957 and now has 53 stations located on major inter- 
state and international waters. Each station collects samples periodically for ship- 
ment to the SEC in Cincinnati for the analysis of radioactivity, organic chemicals, 
biological populations and coliform count. In addition, each station provides re- 
sults on about 15 conventional physical and chemical tests of significance in water 
quality assessment. The objectives of the program are to provide continuous, re- 
liable, modern, basic data of value to all legitimate users of water, and which can 
be used to discern trends in water quality as it is affected by increased use and 
development of the nation's water resources. 

At present, four of the Network stations are on the Great Lakes system, 
namely: Duluth, Minnesota; Gary, Indiana; Detroit, Michigan; and Buffalo, New 
York. The local cooperating agencies are: Water, Gas and Sewage Treatment De- 
partment, City of Duluth; Gary-Hobart Water Corporation, Gary, Indiana; Detroit 
Board of Water Commissioners, Detroit, Michigan; and the Buffalo Water Depart- 
ment and Erie County Health Department, Buffalo, New York. As the Network 
grows, additional Great Lakes stations will be added. 

The raw data collected in this activity will be made available annually by 
government publication. Interpretations of this data will be made periodically. 

As this program develops, instrumentation will play an ever increasing 
role. Many water quality parameters are fugitive in nature and should be measured 
continuously to provide data of maximum value. Currently under development is an 
instrument which will measure dissolved oxygen, pH, specific conductance and 
temperature. Provided funds are available, this instrument will be placed at one 
of the Network stations this year for trial. As suitable instruments are developed 
for other parameters of water quality significance, these will also be put to use. 

Inventory Data. We are now gathering and periodically releasing tabulated 
data on public water supply facilities for the larger communities. This includes all 
of the cities in the Great Lakes watershed with population of 25,000 or over. Work 
is now progressing on the assembly of data for the smaller communities. The 
country as a whole is already very well covered. Recent data is now being assem- 
bled for the states of Illinois, Michigan, and Ohio. 

Basic data on municipal waste facilities have been supplied by all of the 48 
states. Data on industrial wastes, however, are not complete. All available data 
of these two classes are now in the process of being printed in nine volumes cover- 
ing the nine regions of the Department of Health, Education, and Welfare. Individ- 
ual state printings will also be prepared. Analysis of the municipal sewage facili- 
ties has been completed and is reported in PHS Publications 609 and 619. 

These water and sewage inventories, together with other basic data, give 
us a wealth of valuable information. For instance, the Great Lakes Basin popula- 
tion is now approximately 23 million or 14 per cent of the United States population. 
There are 925 communities in the basin which serve 17 million people by municipal 
water and sewerage systems. Water supplies for 180 communities are drawn from 
the Great Lakes or their connecting waterways to serve 15 million people. With 
the exception of the Chicago Sanitary District which discharges its waste to the 
Mississippi Watershed, all of the Great Lakes Basin communities discharge their 
sewage to the lakes or to streams flowing into the Lakes. 

Economics Data. The Public Health Service has expanded its coverage of 
data dealing with award of contracts for water supply and sewerage construction 
which are essential to evaluate progress. Data are being obtained from Public Law 
660 grant program projects on cost of construction in the municipal sewage treat- 
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ment field. Monthly levels of municipal bond elections and bond sales in the water 
and sewage field are also being compiled. Another very important development 
within the Public Health Service is concerned with the value of water and the de- 
velopment of cost benefit relationships which can be applied to multiple purpose 
water resources projects. 


RESEARCH AND ANALYTICAL DEVELOPMENT 


Research conducted at the Robert A. Taft Sanitary Engineering Center has 
resulted in several analytical methods, procedures and instrumentation develop- 
ments that are applicable to the Great Lakes area. 

A recent development in automatic instrumentation has now been completed 
and is being marketed. This instrument is the Dissolved Oxygen Analyzer, which 
was developed by the Sanitary Engineering Center, with the final instrument con- 
struction and marketing being carried out by the Hays Corporation of Michigan 
City, Indiana. The instrument has three separate units: sampler, analyzer, and 
recorder. The sampler's inlet is fitted with a screen. Sample water is pumped 
through a pres“ure regulator into an aspirator which mixes the water and gas con- 
fined in the system. This mixture goes to a water-gas separator where the gas is 
removed centrifugally. Water is discharged and the gas flows through the analyzer. 

The analyzer's role hinges on oxygen's paramagnetic property— its attrac- 
tion by a magnetic field. When an oxygen-carrying gas enters the unit, it is drawn 
into the magnetic field surrounding one of two identical heated resistance elements, 
both of which are exposed to the gas. When heated, the gas loses its magnetism 
and a cooler, more magnetic gas instantly replaces it. The difference in cooling 
effect between the two resistors is reflected as electrical output proportional to 
oxygen content. The recorder is calibrated to translate the electrical output into 
per cent of oxygen. DO in parts per million can be measured directly if tempera- 
ture compensation is added. 

In the area of technique development, a method for recovering and identi- 
fying very low concentrations of chlorinated insecticides in water has been accepted 
for publication. The materials detected include DDT, aldrin, dieldrin, methoxy- 
chlor, benzene and similar chlorinated materials. The range of detection:is in 
parts per billion and DDT and aldrin have been recovered from water supplies at 
various points in the United States. The technique permits the detection of these 
materials below the levels which are toxic to fish. In a recent study of reactions 
of chlorine and phenol, techniques have been improved which permit the separation 
and detection of the principal chlorinated products of the reaction. It was found in 
this study that the principal taste-bearing chlorinated phenol is the 2, 6-dichloro- 
phenol along with the 2, 4-dichlorophenol. The 2,6 compound had not previously 
been postulated as a cause of taste and odor. The identification of these materials 
which are formed in the very dilute concentrations at water plants was possible 
through the use of concentration and infrared procedures. Cooperative studies are 
being conducted along with the Committee of the American Soap and Glycerine Pro- 
ducers on the development of an unequivocal test for synthetic detergents in 
sewage. The present results, which appear promising, involve extraction and 
purification procedures followed by an infrared test. A companion procedure has 
already been developed and published for use in analyzing anionic detergents in 
water. 

Use of the carbon filter in the Basic Data Water Quality Network Program 
is providing interesting results and it is hoped that tabulations of the materials 
recovered over a long period of time will provide a picture of organic pollution so 
that comparisons can be made as to the total load of these materials in various 
lakes and rivers. In addition, several interesting findings, such as the presence 
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of DDT and aldrin, have come to light, and quite recently a synthetic organic 
material has been found to persist in the Mississippi River for a distance of 1, 000 
miles. Other compounds that have been tentatively identified include phenyl ether 


and nitriles. In one sampling point, five different types of phenolic materials were 


demonstrated. 


In the examination of surface waters for the coliform group, the use of 
special medium incubated at elevated temperature yields considerable additional 
information of value in interpreting the coliform data. The method requires a mini- 
mum of labor, materials and time, since it can be integrated in the "Standard 
Methods" confirmed test for coliforms. The recommended procedure consists of 
transferring a 3 mm loop of broth from each positive presumptive tube to EC medium 
at the same time as the routine BGBLB confirmation tube is planted. The EC tube 
is incubated in a water bath at 44. 5°-45. 5°C for 24 hours. A positive EC test 
shows the production of gas in the inverted vial in 24 hours or less. It is essential 
for this test that the temperature range of 44. 5° to 45. 0° be maintained. Further- 
more, this EC test can only be used as a confirmation procedure on positive pre- 
sumptive tubes. Boric acid lactose broth developed by Levine may also be used, 
except the incubation temperature is 42. 59-43. 5°C and the incubation time must be 
extended to 48 hours. 

Members of the coliform group found in soil samples or waters in unpolluted 
areas rarely contain EC positive coliform strains. On the other hand, the coliform 
bacteria derived from man, domestic animals and birds are approximately 97 per 
cent positive reactors by the above described EC test (or 95 per cent positive by the 
boric acid lactose broth test). Therefore, in the interpretation of coliform data, 
the EC coliform MPN in conjunction with the confirmed coliform test ("Standard 
Methods" test) can be used as strong presumptive evidence as to the source of the 
pollution. 

Other indicators of pollution which show considerable promise are the 
streptococci found in human and animal feces. The dextrose azide test with con- 
firmation in EVA broth isolates the majority of streptococci found in human 
feces and a new test procedure is in the final stage of development which is appli- 
cable to both human and animal streptococci types. It is anticipated that biochemi- 
cal test methods for the classification of the streptococci in strains may contribute 
additional evidence as to the possible sources of pollution. 

Public Health Service is developing a competency in oceanography in order 
to evaluate more fully water use from, and waste disposal to large bodies of water. 
Items of particular interest are: water quality, current patterns, dispersion 
characteristics, and effects of the addition of nutrients to such water. These 
studies will increase in importance as greater demands are placed upon estuarine 
and lake water for ultimate disposal of wastes. 


LAKE MICHIGAN SHORT FILTER RUN STUDY 





The Lake Michigan Study was initiated by the Public Health Service. Its 
purpose is to evaluate the treatment processes Of filtration plants using the Lake as 
a water source. The Service is pleased to be a participant in this Federal-state- 
local project. The Region V office, four Lake Michigan border states, twelve 
water plants and Northwestern University have contributed much time and effort 
towards the success of the Study. 

Because the project is at the approximate half-way point, no firm conclu- 
sions can be made at this time. However, a few major points have been revealed 
by the work done thus far. Some of these facts, such as the relationship of short 
filter runs to operation costs and efficacy of electronic computing machines, have 
already been well established by others. The Lake Michigan Study has dramatically 
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shown the value of using the ''clump-count" method of plankton counting and strongly 
indicates that large concentrations of plankton alone will not necessarily shorten the 
length of filter runs. 

The data collected to date has been stored on electronic computer punch 
cards and the same procedure will be followed with information collected during the 
remaining time. There will be over two-million separate values that will be tabu- 
lated and processed. We cannot over-emphasize the value of the electronic com- 
puter to this study. Without a rapid type of evaluation, it would not be possible for 
us to have undertaken a project of this scope. 

In order to get the maximum utilization of our time, it has been found that 
the computer was not the only time-saver. Plankton were suspected at the beginning 
of the project as one of the main contributors to short filter runs. Asa result, 
plankton counts were expected to play a large part in the data collection. Unfor- 
tunately, the normal plankton counting procedures were cumbersome and time con- 
suming. After a period of investigation, the "direct clump" count was recommended 
as a possible solution by the Robert A. Taft Sanitary Engineering Center. Tests 
done by the Center showed it to be a reliable method requiring one-half the time or 
less than that required by the usual methods. After a period of training, the par- 
ticipating plants developed a high degree of competency and the results of several 
reference samples sent to them indicated that reliable results would be obtained. 

The plankton data resulting from the counts have been watched very closely 
and many analyses done, although by no means are they completed. It should be 
noted that examinations have revealed that large concentrations of plankton do not 
necessarily decrease filter runs. This suggests that some other factors are par- 
tially responsible and may have major effects on filter performance. Turbidity 
does not seem to be this factor, for during the test period it averaged less than one 
unit. Investigations are being carried on to determine what other influences may 
be present that contribute to the problem. 

In addition to the four activities already discussed, activities stemming 
from the grant provisions of Public Law 660 are of interest. 

Section 6 of the Law authorizes an annual appropriation of $50 million up to 
a cumulative 10-year aggregate of $500 million for grants to communities for the 
construction of sewage treatment works. The construction grants program has 
now been in operation for two full years and it has definitely stepped up the building 
of treatment works by municipalities. Contract awards for treatment facilities 
rose to $350 million in 1957 and to approximately $400 million in 1958. This is 
real progress when compared to an annual average of $222 million from 1952 
through 1956. 

In two short years, this program has financially aided twenty-five projects 
on the Great Lakes that were previously discharging raw or inadequately treated 
sewage into the Lakes. The Federal grant to each of these municipalities consisted 
of 30 per cent of eligible costs or $250,000, whichever was smaller. There are 
still many more communities on the Lakes which have not yet been extended grants 
because of shortage of available funds. 

In recognition of the increased emphasis, the Federal Government has 
placed upon the up-grading of the nation's water resources a special Section of 
Public Law 660 allowing $3 million a year in grants to State and Interstate water 
pollution control agencies. These grants are designed to assist the agencies in 
meeting the costs of establishing and maintaining adequate programs for the pre- 
vention and control of water pollution. 

In the field of research, investigations and training, the law is quite em- 
phatic in regard to the role of the Public Health Service. The Surgeon General 
has the authority to make grants to public or private agencies, and to individuals 
for research, training programs and demonstration projects. During the first two 
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years of this new authority, 165 specific water supply and water pollution control 
grants have been made with a total dollar value of over one and one-half million 
dollars. 

In addition, the Service now has the authority to establish and maintain re- 
search fellowships in water supply and water pollution control in an amount not to 
exceed $100, 000 a year. 
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Personnel of the Chicago forecast center of the Weather Bureau are con- 
cerned with the winds and weather over the Great Lakes, since they make the regu- 
lar forecasts of these items for all the Lakes. They initiate practically all wind 
warnings for the Lakes. They are also interested in the effect of the Lakes on the 
wind, weather, and temperature of adjacent land areas, since they make the state 
forecasts for most of the Lakes states. 

As to the wind over the Lakes, too little is known concerning its deviation 
from the wind indicated by the pressure pattern, or the wind found over adjacent 
land areas. Also desired here is knowledge of the extent of shielding from strong 
winds under conditions of cold water and quite warm air, and how the local pres- 
sure patterns due to these air temperature differences affect the wind. 

The problem of weather over the Lakes is analogous to that of wind, since 
we need to know the deviations from pressure pattern indications, and from land 
reports. Local effects may well be more important in weather than in wind. 
Prominent here are the relative frequencies of fog and convective showers over 
land vs. water and extent of shielding from thunderstorm gusts that relatively cold 
water can give, or the opposite effect, that of the extent of instability (waterspouts 
etc.) that relatively warm water can produce. 

Reasonably satisfactory answers to these questions probably will not be 
obtained until a fairly extensive observation program is undertaken, since the 
quantity and quality of observations presently being taken are not adequate. 

The effect of the Lakes on adjacent land areas is on two scales, 1) that due 
to the Lakes taken as a unit, and 2) that due to the local effect of a single Lake or 
a portion of a Lake. 

Our present observational network is reasonably satisfactory for working 
on group 1 problems. Most prominent here is probably the effect of the Lakes as 
a heat source in fall and winter and a heat sink in spring and summer. These ef- 
fects have been known in a crude qualitative way for some time, but more quantita- 
tive work is needed. A pilot project of this nature by the Weather Forecasting 
Research Center of The University of Chicago was reported on here by Mr. Sangster 
of that unit. 

Group 2 problems, on a local scale, will also probably require a fairly ex- 
tensive observation program such as was mentioned for the Lakes themselves. 
Problems under this heading would include land-sea breeze effects, local conver- 
gence zones and their effect on convective shower activity, and snows due to Lake 
effects. 

A Lake snow case (that giving Michigan City, Indiana 50 inches of snow in 
four days in Feb. 1958) is presently being studied by Mr. Williams of the Weather 
Bureau in Chicago. However, one cannot do much more than speculate on causes 
or forecasting principles, since the observational network is so sparse that the 
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true effect of the Lake is only poorly known. In a discussion of this case with the 
members of the Forecasting Research Center, Dr. Petterssen suggested the follow- 
ing hypothesis: the Lake was acting as a heat source, much as the Florida peninsula 
does in summer, so that there was a flow of air toward the lake from all directions. 
This caused a convergence field that was shown roughly to have sufficient magnitude 
to account for the observed snow fall and the observed wind field during the snow. 
What is needed to make this hypothesis fully convincing is the snow fall pattern over 
the Lake itself. This information is not and never will be available for this par- 
ticular case. 

Until such an expanded observational program is underway, we may have to 
rely on approaches such as presently being studied by Dr. Fujita of The University 
of Chicago--mesoanalysis. This method uses time sequences from each station to 
obtain considerable interpolative information on space variations, and thus has the 
effect of extending data coverage. This technique is liable to have an added diffi- 
culty when it is applied to lake problems instead of those over the Great Plains,for 
the inhomogeneity of the earth's surface due to land-lake differences may not allow 
interpolation of lake data from land data across possible discontinuity zones near 
the lake shore. This method has promise, however, even though at best it should 


only be an interim procedure pending a good observational program both of surface 
events and events aloft. 
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PRECIPITATION AND THE LEVELS OF LAKES MICHIGAN AND HURON 


Ivan W. Brunk 


Meteorologist, U. S. Weather Bureau 
Chicago, Illinois 


ABSTRACT 






Because of published statements that there is no correlation between pre- 
cipitation and Great Lakes levels, a number of correlations of precipitation and 
Lakes Michigan and Huron levels were attempted. These indicated a computable 
relationship, and also an apparent lag between precipitation and its effect. Con- 
sidering land area precipitation only, a correlation of lake level with four-year 
precipitation data gave a correlation coefficient of .69. A correlation of precipi- 


tation and the difference in annual mean levels indicated a correlation coefficient 
of .68. 






In order to include the effect of additional variables, a correlation of water- 
year precipitation on a two-year basis and net basin supply was made. A correla- 
tion coefficient of 79 was obtained, and a lag between precipitation and its effect 
again indicated. Monthly precipitation values were correlated with the seasonal 
changes in level, and correlation coefficients of .85 obtained with antecedent pre- 
cipitation and the seasonal rise, and 81 with antecedent precipitation and the 
seasonal fall in levels. Finally, it is pointed out that geological conditions in the 
Michigan-Huron basin provide a physical reason for the indicated lag between pre- 
cipitation and its effect. 


INTRODUCTION 




















In 1904 it was reported that a remarkably close relationship between pre- 
cipitation and Great Lakes levels from 1883 to 1898 had been found (U. S. Chief of 
Engineers). Day (1926) reached the following conclusion: "The water levels seem 
to be closely related to the quantity of precipitation, delays of a year or more often 
appearing in the response of the levels, since the run-off is not immediate. " 

However, Pierce and Vogt (1953) indicated: "According to the literature 
many unsuccessful attempts have been made to correlate rainfall with lake levels" 
and ''No correlation between rainfall and lake levels can be found from available 
data.'' Senate Document No. 28, (1957) stated: "The relationship between the 
factors influencing the rise and fall of levels is so complex that no satisfactory 
method has been produced by the various studies of the subject which will permit 
computations of future levels from measurements of causative factors.'"' Further- 
more, Bingeman (1953) quoted one authority as indicating that raw precipitation 
data cannot be applied directly to the lake levels, and Freeman (1926) said: "... 
the ratio of annual rainfall by itself is found to be an uncertain index to the run-off 
of any one of the Great Lakes in any particular year." 

The intuitive unreasonableness of having no detectable effect of precipita- 
tion on lake levels prompted this study. It will be demonstrated that there is a 
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computable effect of precipitation on mean annual lake levels, changes in mean 
annual levels and seasonal changes in levels, insofar as Lakes Michigan and Huron 
are concerned. (Michigan-Huron is considered hydraulically as one lake because 
of the broad and deep connection through the Straits of Mackinac. ) 


DATA USED 


The precipitation of concern is of two types, (1) that which falls directly on 
the lake and thus has an immediate effect upon the level of the lake, and (2) that 
which falls on the drainage basin, a portion of which sooner or later finds its way 
into the lake. The relative effect of these two depends on the ratio of the drainage 
area to lake area, the proportion of drainage area precipitation that finally reaches 
the lake, and any difference between precipitation amounts over land and lake. 

The land area of the Michigan-Huron drainage basin is approximately twice 
the size of the lake area, but since a considerable portion of the land precipitation 
is evaporated, and since there probably is little difference between precipitation 
amounts on land and on the lake, at least in the annual means, the magnitude of the 
effect of precipitation on lake levels may well be about the same for land and lake 
precipitation. However, since accurate data exists for the land area precipitation, 
but not for lake precipitation or for evaporation, these last two effects are not con- 
sidered. One or more of the following assumptions will then apply to all the corre- 
lations given below: (1) the effect of precipitation on the lake is neglected, (2) the 
amount of precipitation over the land is representative of that on the lake and thus 
represents the average precipitation over the combined land and water area, or 
(3) the precipitation on the lake surface is of approximately the same order of 
magnitude as the evaporation from the lake surface and these two items cancel each 
other. Assumption (2) appears to be the most valid, but (3) cannot be ruled out as 
a possibility. The effect of flow in rivers connecting the lakes is considered in one 
correlation. 

The lake level data, the precipitation averages, and net basin supply values 
(defined later) used in this study were obtained from the U. S. Lake Survey, Corps 
of Engineers. Unless otherwise indicated, 1903-1957 was used as dependent data 
and 1883-1902 as independent data. The monthly and yearly precipitation values 
were based upon a varying number of stations - in 1957 approximately 300 stations 
were used. The average yearly precipitation over the Michigan and over the Huron 
basins was practically the same (about 31 inches), with an average yearly difference 
of a little over two inches. Since the ratio of the land areas of the drainage basins 
was essentially one (actually 0.92), and since differences in stream flow and move- 
ment of ground water are unknown, an unweighted average of the precipitation over 
the two basins was used. 


PRECIPITATION AND ANNUAL LAKE LEVELS 


From a multiple linear correlation of mean annual Michigan-Huron level 
(L), with calendar year precipitation, the following regression equation was ob- 
tained: 


(1) L = 0,511 + 564. 01 
where I= .09A + .37B+.34C + .20D 
and A = current year's precipitation 
B = precipitation one year ago 
C = precipitation two years ago 
D = precipitation three years ago 


ron 
se 


7 on 
t 

jay 
age 
ches 


vice 
tion 
on 
f the 
ake 
tion, 
con- 
orre- 
the 
thus 
r 


l each 
it as 
in one 


alues 
Sorps 
data 
ues 
tions 
Huron 
ference 
asins 
move- 
1 over 


vel 
ob- 


U. S. WEATHER BUREAU, CHICAGO 147 


L is in feet when precipitation amounts are in inches. The effect of precipitation 
beyond three years ago was not included because the correlation with precipitation 
four years ago gave a negative coefficient. 

This equation indicates a computable relationship between precipitation and 
its effect upon lake levels. The multiple correlation coefficient was .69, normally 
indicating that approximately half of the variation in levels is explained by precipi- 
tation. However, this may be too high because of serial correlation of the yearly 
values of the levels (persistence). 

A year-by-year computation of levels, using equation (1) gave an average 
error of 0.66 ft for dependent data, and 0.67 ft for independent data. However, 
when determined by comparing the difference between computed yearly values with 
the actual change in level of succeeding years, the average yearly errors are only 
0.36 ft and 0.37 ft, respectively. The average difference between mean levels of 
succeeding years is approximately one-half foot (absolute value). 

The following is a comparison of the correlation coefficients of year-by- 
year lake level and precipitation for the period 1903-1957 with those obtained by 
Day for 1875-1924: 


Period Lake Level and Precipitation 
One Two Three 
Current Year Year Ago Years Ago Years Ago 
1903-1957 oil - 45 . 39 .23 
1875-1924 (Day) -.28 - 52 . 36 15 


Except for the current year, there is good agreement between the correlations for 
the two periods. The fact that the precipitation values used by Day were based upon 
relatively few stations compared to the number used in the present study is probably 
not significant. 


PRECIPITATION AND ANNUAL CHANGE IN LAKE LEVELS 


In order to eliminate most, if not all, of the effect of serial correlation, a 
multiple linear correlation of the yearly change in mean annual lake level (differ - 
ence between mean annual levels of succeeding years), (Y), with calendar year 
precipitation was next made. The regression equation was: 


(2) Y= 0.231 - 7.27 


where Y = yearly difference in feet, and I = .4A + .6B, with A and B in inches. 
(Correlations were negative for precipitation two and three years ago.) The multi- 
ple correlation coefficient of .68 here also apparently indicates that nearly one- 
half of the variance is explained by the precipitation. A year-by-year computation 
of yearly differences using equation (2) gave an average error of 0.39 ft with de- 
pendent data, and 0.35 ft with independent data. 

Obviously the change in the lake level (difference between annual mean 
levels) is a function of more than the effect of precipitation on the drainage basin. 
A more complete equation can be given as: 


(3) SL=1-0+R,+R,-E 


where JL is the change in level over the period of time considered; I is the inflow 
from Lake Superior only; 0 is the outflow, including diversion and domestic pumpage 
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at Chicago; R, is the effect of drainage basin precipitation through stream flow and 
ground water; Ro is the precipitation that falls directly on the lake surface; and E 
is the evaporation from the lake surface. This equation can be rearranged as 
follows; OL+0-I1=R,+Rp-E. 

The terms on the left side now represent the water production of the basin. 
The quantity is usually defined as the net basin supply, or water yield. A correla- 
tion of Ry with the net basin supply is more appropriate than correlation with AL, 
since the effect of more factors is included. Of course, ifI- 0 0Oand Ro -E=0, 
the result would be essentially the same as equation (2). Ro - E is difficult to 
evaluate, but conceivably could be near zero, as mentioned earlier. Values of I - 0, 
however, are available, are not near zero, and are not insignificant compared with 
AL. 

If variations in I and 0 occurred only through natural processes, there would 
probably be some effect of serial correlation introduced by the inclusion of these 
factors. However, while variations in 0 are essentially natural, those of I are 
definitely not, because of the regulation of flow from Lake Superior. 


PRECIPITATION AND ANNUAL CHANGES IN NET BASIN SUPPLY 


In addition to including the effect of I, 0, and the change in level, the next 
correlation eliminates the effect of one other factor, namely, snow accumulation in 
the late months of the calendar year melting in the following year. This was ac- 
complished by using precipitation for 12-month periods beginning October 1st (water- 
year). The correlation coefficient relating the current water-year precipitation and 
net basin supply for the 69-year period 1883-1952 was .73. Inclusion of the pre- 
cipitation of the preceding year gave a coefficient of .79. The latter figure indi- 
cates that over 60 per cent of the variation in net basin supply is explained by the 
precipitation data used. The increase from .73 to .79 indicates a lag between 
precipitation and its effect, since the inclusion of the precipitation for two years 
explains an additional 9 per cent of the variance. The regression equation was: 


(4) S=0.17A, +0. 06B, - 4.44 
where S = net basin supply in feet 
Ay = precipitation of current water-year in inches 
B,, = precipitation of preceding water-year in inches 


Computed values of the net basin supply from equation (4), when compared with 
actual values, indicated an average yearly error of only approximately 10 per cent 
of the average yearly net basin supply. 


MONTHLY PRECIPITATION AND SEASONAL CHANGES IN LAKE LEVELS 


While the relationship of precipitation and the lake levels, as discussed in 
the previous sections, may be of some interest, the seasonal changes and the 
association with precipitation may be of more practical importance. Therefore, 
correlations were next made with monthly precipitation and the seasonal changes. 
The changes were considered from the low in December, January, or February, 
to the high in June, July, or August and the inverse. Eighty-three per cent of the 
lows and 90 per cent of the highs occurred in the respective months indicated dur- 
ing the period 1900-1957. 

Using single months, the best correlations obtained were . 40 with April 
precipitation and the seasonal rise, and -. 55 with September precipitation and the 
seasonal fall (positive values given to seasonal fall). Using various combinations 
of a number of factors and the seasonal rise, a number of regression equations 









ent 




























U. S. WEATHER BUREAU, CHICAGO 149 


were developed from multiple linear correlations. 
sion equation indicated the best relationship: 





Of these, the following regres- 


is) R=. 16X, +.21X5 is 26X, + .17X4 +.19X5 +. 19X¢ - 1.18 


where R = rise, in feet, winter low to summer high 
X, = January precipitation in inches 
Xo = February precipitation in inches 
X, = March precipitation in inches 
X, = April precipitation in inches 
Xs5 = May precipitation in inches 
Xg = yearly change of Index I of equation (1) 


The multiple correlation coefficient of . 85 indicates that 72 per cent of the 
variation in the seasonal rise is explained by the precipitation. The average error 
of the computed yearly values from equation (5), for dependent data was 0. 21 ft. 
For comparison, use of the average yearly rise of 1.1 ft instead of equation (5) 
would give an average error of 0.37 ft. A check of equation (5) with the independent 
data indicated an average yearly error of 0. 23 ft. 

Similarly, the best equation obtained for the seasonal fall was: 


(6) F=3.31 - .224x; -. 194X5 - .139X, - . 217K, 


where F = fall, in feet, summer high to winter low 
xX, = August precipitation in inches 
= September precipitation in inches 
= October precipitation in inches 
X, = November precipitation in inches 


The multiple correlation coefficient was -.81, and the average yearly error, com- 
puted from equation (6), was 0.20 ft. This can be compared with an average error 
of 0.37 ft, obtained if the average yearly fall of 1.1 ft were used instead of equation 
(6). A check of this equation with the independent data gave an average yearly 
error of 0.23 ft. The index I from equation (2), and used in equation (5), was not 
used in equation (6), as it did not improve the results. (The correlation of the index 
I and the seasonal rise is .47, while the correlation with the seasonal fall is only 
-.11.) 

It should be noted that some of the variation from predicted values in most 
of the preceding equations could be caused by the varying character of the precipi- 
tation. Freeman (1926) stated that the run-off depends as much upon the concen- 
tration of rainfall and upon the time of year in which it falls, as upon the total depth. 
For example, a monthly total of five inches of rainfall, concentrated mainly in one 
or two storms, will produce a far greater and faster run-off than the same total 
precipitation if the sum of many smaller amounts. This was demonstrated in 
October 1954 when two unusually heavy rainfall situations resulted in large immedi- 
ate run-off causing the level of Michigan-Huron to rise from September to October, 
in spite of a fall from July to September. 


SUMMARY AND CONCLUSIONS 


Precipitation data for the land area of the Michigan-Huron drainage basin 
was used to demonstrate a number of relationships with lake levels. A correlation, 
considering only the effect of precipitation, indicated not only a relationship, but 
also a lag. A correlation of precipitation and net basin supply included the effect 
of a number of additional factors and further substantiated the evidence for the lag 
between precipitation and its effect. A lag is certainly reasonable, for there is 
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general agreement, e.g. McDonald (1954), and Hough (1958), that precipitation has 
a delayed and variable effect on lake levels due to variations in run-off. 

It appears that geological conditions in the Michigan-Huron basin provide a 
physical reason for the lag between precipitation and its effect. Freeman (1926) 
indicated that the land surface is largely a deposit of glacial sands and gravel, which 
when not frozen, absorbs the rainfall with more than common facility and tends to 
conserve it from escape while it is slowly percolating toward the main stream beds 
and into the lakes, so that a considerable portion may take several years in under- 
ground transit, thereby carrying a part of the rainfall of one year into the run-off of 
a later year. 

The assistance of Mr. Lawrence A. Hughes, Research Forecaster, U. S. 
Weather Bureau, Chicago, Illinois, in the preparation of this manuscript, is 
gratefully acknowledged. 
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PANEL DISCUSSION 
SURVEY OF PRESENT AND RECOMMENDATIONS FOR FUTURE 


George B. Langford 

Department of Geological Sciences 
University of Toronto 

Toronto, Ontario 


The Great Lakes are the greatest reserve of fresh water on this continent, 
and perhaps the most important one in the world. People living on or near their 
shores do not realize what a vital part they play in the continent's lives. We use 
them for every and any purpose that suits our convenience, and overlook the basic 
fact that fresh water is a priceless asset just as are the forests, mines and farm 
lands and can be abused as were these others. 

We find it convenient to use these Lakes for navigation, power, as a source 
of water for municipalities and industries, as a convenient place to dump municipal 
and industrial wastes; to support a fishing industry, and for recreational purposes. 
Those who use the lake waters have done so with little or no regard for others, and 
as frequently happens when several interests are using the same thing, one party 
may spoil it for the others, or at least limit the use which they can make of it. We 
have now reached a time when we must look closely at what is happening to the 
lakes for we cannot permit the continuation of practices which have a deleterious 
effect on the waters. 

The opening of the St. Lawrence seaway will increase the number of in- 
terests and people using the Lakes and thereby increase the problems which they 
create. 

In the near future it will be necessary to regulate the use of the Lakes so 
that the maximum benefit will result. When that time comes the legislators will 
need guidance or they may easily enact laws which may be beneficial to one group 
but quite the reverse to others. As scientists we must get the facts and determine 
what are the desirable limitations that should be placed on the use of the Lakes. 
This is an excellent opportunity for the scientists to give leadership to the legis- 
lators. 

Such action will have to be taken by the International Joint Commission, and 
we should establish contacts with them so that they will know of the type of assis- 
tance which they may get from scientific workers in this field. 

This brings up the necessity of better lines of communication between us and 
the legislators, and also between those working on various aspects of the Great 
Lakes problems. We all, Iam sure, abhor the idea of another formal society 
organized to perform these functions. I believe that the Great Lakes Research In- 
stitute has done a great service in this regard, and if they can continue to do so, 
they should be encouraged. The only suggestion which I might make would be that 
some form of abstract publication would be most useful to keep us all in touch with 
what is going on, and to prevent unnecessary duplication of effort. 

May I, on behalf of my colleagues, express our appreciation of the courtesy 
of The University of Michigan, and of the Great Lakes Research Institute in inviting 
us to attend this Conference. 
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PANEL DISCUSSION 


David C. Chandler 
Great Lakes Research Institute 
Ann Arbor, Michigan 


Biological investigations on the Great Lakes, since the late nineteen hun- 
dreds to present, have been sponsored primarily by State and Federal agencies 
interested in conducting fisheries research. Fortunately some of the biologists in 
charge have recognized the need of basic data not directly related to fish. Never- 
theless, if we inventory the biological knowledge of these lakes it appears to be 
amazingly small. 

Recently a few university-sponsored organizations, among them the Great 
Lakes Research Institute of the University of Michigan, have initiated broad pro- 
grams on these lakes with emphasis on the collection of basic knowledge. These 
organizations offer hope for expanded studies in all fields of science, among which 
biology should be represented strongly. 

Among the more obvious deficiencies in our biological understanding of the 
Great Lakes are: 

1) Taxonomy and life histories of the biota. 

2) Long-term changes in quality and quantity of biota. 

3) The role of autotrophic organisms and decomposers in the flow of 

energy through the ecosystems of these lakes. 

4) The biochemical cycles of the primary, secondary, and micro-elements. 

5) The rates and causes of eutrophication of these waters and the impact 

of this on the social and economic development of the Great Lakes 
region. 

Freshwater biologists, like their marine colleagues, are confronted with 
the problem of relating and integrating their studies with those being conducted in 
the physical sciences. Frequently physical and biological scientists fail to under- 
stand the contributions of each other simply because of differences in technical 
language and methods. Historically, programs in physical oceanography have 
always fared better financially than biological programs. The reason for this con- 
dition is no doubt related to the fact that results from physical studies in the ocean 
are more directly applicable to problems of navigation and warfare than those from 
biological studies. A parallel situation may well develop between physical and 
biological studies on the Great Lakes. Therefore, freshwater biologists should 
benefit from the experience of marine biologists and establish a strong chemical 
program in an effort to create a common meeting ground for the biological and 
physical investigators. An appropriate step would be to establish an active pro- 
gram in the biochemical cycles of N, P, Mg, Co, Fe, Si, Mn, Zn etc. This would 
serve to fill a large gap in our knowledge of the rates of cycling of these elements, 
as well as creating a bond between the biological and physical scientists. 

The Great Lakes represent a natural resource of increasing importance and 
value to areas and communities bordering on them. The role of these lakes in the 
national economy is expressed primarily through shipping, hydro-electric power, 
water supply, sanitation, recreation and biological resources. It is difficult to 
determine how wisely this natural resource is being used, since so little is known 
about the lakes themselves, Biologists can make a major contribution to this 
problem of water usage by determining rates and causes of eutrophication and con- 
sequently aging of these waters. Baselines or reference points must be established 
so that future changes in water quality can be measured and identified. This is 
essentially a biological problem and the biologist must recognize his obligation to 
society in assisting State and Federal agencies in establishing criteria for water 


quality and usage. These criteria are essential for the establishment of wise 
policies. « 
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This conference has emphasized the similarity in the problems, methods, 
equipment and basic aims of freshwater and marine studies. The Great Lakes 
represent waters intermediate in size between the large oceans and the small lakes 
and may well be a common meeting ground for limnologists and oceanographers. 


Earl G. Droessler 
Atmospheric Sciences Division 
National Science Foundation 
Washington, D.C. 


As many of you know, the National Science Foundation is an independent, 
Federal Government Agency dedicated to the promotion of scientific progress 
through the support of basic research and education in the sciences. 

The Foundation's interest is drawn to the Great Lakes region largely be- 
cause of the great number of outstanding research scientists which the universities 
and research institutions have attracted to this area. Financial support for many 
of these scientists and to the universities is provided each year by the Foundation 
through programs of research grants, summer institutes, and graduate and post- 
doctoral fellowships. Throughout the Great Lakes region, the grants program 
currently makes available significant funds for basic research in various science 
disciplines such as astronomy, particle physics, organic chemistry, and mathe- 
matics. However, the Foundation has relatively only small funds invested in 
atmospheric sciences research, which is the program I represent within the Na- 
tional Science Foundation. The reason for this is partly because atmospheric 
sciences is a new program -- not quite one year old. As Program Director, it is 
my obligation to be responsive to the need for increased support for atmospheric 
sciences and to work for a broadening of research and educational opportunities in 
this field of science. 

Certainly, there are obvious atmospheric research problems posed by the 
effects of the Great Lakes on the weather, the climate, and the economy of this 
region. Most meteorologists agree that the Great Lakes and similar inland water 
bodies exert marked influences on the weather and on the character and motion of 
storm systems in their vicinity. However, to date, there are few investigations 
that deal specifically with the lake effects. I personally do not feel that Great Lakes 
meteorological research has been favored with sufficient emphasis and inquiry com- 
mensurate with the broad regional nature and complexity of the problems at hand. 

There are admitted difficulties in separating the factors involved in lake 
effects studies; for example, as far as clouds and weather are concerned, it has 
been difficult to separate the effects due to differential heating between water and 
land from those due to orographic and related motions. Similarly, in the case of 
storm systems which pass through the region, it has been difficult to isolate the 
effects of local heat and cold sources from the processes associated with the mov- 
ing systems. 

The stated purpose of this afternoon's session is to point up recommenda- 
tions for future Great Lakes research. As far as the atmospheric environment is 
concerned, it is my belief that the great need is to encourage and support basic 
research in meteorology and allied fields and thereby bring fresh young research 
talent into the field. I further believe that meteorology is an ascending science 
area in public acceptance and understanding, and that studies of Great Lakes effects 
could be made a most rewarding and attractive career for young scientists. There- 
fore, it is my suggestion that careful exploration be made of the possibility of de- 
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veloping opportunities for two or three student scientists in universities to engage 
in basic research on the lake effects. Such a new development should be planned 
initially on a modest basis and, as I then foresee, it would grow as research staff 
and resources were made available. 


William S. von Arx 
Woods Hole Oceanographic Institution 
Woods Hole, Massachusetts 


It is stimulating to an outsider to see how much scientific work is being done 
on the Great Lakes. This conference has provided the impression not only of eager 
research activity but of enormous scientific potential. 

Your discussions have led me to realize that the Great Lakes are large 
enough to be regarded in some ways as small oceans. The lakes, however, do not 
participate to any great extent in the oceanic function of providing a poleward flow 
of heat. This simplifying factor may attract attention to the Great Lakes as a place 
in which to study some of the non-advective mechanisms involved in the oceanic 
contributions to the global heat balance. 


There are five points, bearing on your problems, which I would like to dis- 
cuss. 

(1) Response Times. The Great Lakes may serve as an example of an ap- 
proximately barotropic system. This would make them an ideal place in which to 
examine some of the large scale effects of impulsive forces, in the vein already 
discussed by Dr. Platzman, and to determine the period of barotropic reorganiza- 
tion of motion under more sustained forces. As Dr. Portman has shown, the 
period of response of the lakes to a wind shift is in the neighborhood of 12 hours. 
This agrees with the period of response of the surface currents of Bikini Lagoon to 
a shift in the direction of the Trade Winds. Theoretical expectations lead one to 
believe that this surface adjustment should be nearly complete within the course of 
a half pendulum day. It is also shown in Dr. Ayers' work that the reorganization of 
the circulation of the lakes seems to require between 12 and 14 days. This is in 
agreement with the period of barotropic reorganization observed in the rotating tank 
experiments made at Woods Hole and is also supported by the recent theoretical 
work of G. Veronis and H. Stommel. 

In another connection, Dr. Ayers' study of the historical records of lake 
levels showsa marked dipin the period around 1810, which is noted as a period of 
marked climatic stress. This, with other trends that include the warming that has 
occurred in North America from about 1880 onward, suggests that the longer term 
trends of climate are revealed in the lake levels. If such a correlation is real it 
makes the lakes a very sensitive index of climate and also raises the physical ques- 
tion of why this connection exists. é 

(2) Synoptic Surveys and Communications. In listening to the reports pre- 
sented in this conference during the past two days, it was apparent that the problem 
of communications is no less difficult in the Great Lakes area than in most other 
scientific communities. It struck me as I thought about this problem that it is only 
a matter of quiet scholarship to find out what has been done in the past, but a matter 
of vital concern to know what is going on in the Great Lakes scientific community 
from moment to moment so that the benefits of coordinated research can be rea- 
lized. One of the usual ways to exchange ideas is for people to meet from time to 
time, but this process is even more fruitful when people work together. 
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Since synoptic studies of lakes are necessary to the individual concerns of 
each of the groups represented here and perhaps as many as a dozen ships are 
available, it seems reasonable to suggest that from 2 to 4 weeks of each year be 
spent in a joint synoptic survey of one lake each year, using scientific crews com- 
posed of a mixed representation of all of the several research groups. In this way 
the synoptic information necessary to the best efforts of each group would be ac- 
quired and the progress and aspirations of individuals would become a matter of 
common knowledge. 

Synoptic studies may also be carried out in another manner if, following 
each season of field work, a laboratory model is built in which to synthesize the ob- 
served circulation. While I have not seen them, Dr. Wisler's description of the 
Willow Run model facilities of the University of Michigan seem adaptable to this 
undertaking, and the rather specialized techniques that would be needed might in- 
terest the hydraulic engineers in charge. The characteristic circulations of the 
lakes are predominantly non-tidal so that a Froude model of the ordinary kind could 
do very little more than suggest the nature of the circulations induced by wind. It 
would seem necessary that a physical model of the Great Lakes would require rota- 
tion. The Theory of the rotating Froude model is known. Preliminary experiments 
have been undertaken in France at the National Hydraulics Laboratory at Chatou and 
in the Neyrpic Laboratory in Grenoble. Studeis of a more restricted kind of rotating 
Froude model have been made at the Hydrodynamics Laboratory at the University 
of Chicago. Were the effects of wind stress and rotation to be combined with per- 
haps those of runoff, it is almost certain that new information could be obtained in 
the laboratory on the circulation and behavior of both surface and internal waves as 
has been done in the field and laboratory by C. H. Mortimer in Britain. Such 
studies could make valuable contributions to the solution of the Great Lakes prob- 
lems and also help to open a new field in hydraulic experimentation. 

(3) Aircraft. The large but still manageable size of the Great Lakes makes 
it worthwhile to consider aircraft as an auxiliary means for collecting data on water 
temperature, ice distribution, circulation, and infra-red radiation. It may also be 
possible with suitably instrumented aircraft to measure the flux of water vapor over 
the lakes. While aircraft are expensive vehicles to maintain and operate, it has been 
possible in recent years to obtain aircraft from the government for long enough 
periods to make it worthwhile to provide them with special instrumentation and to 
train flight crews in the arts of scientific measurement. 

(4) Buoys. Aircraft together with transponding radio buoys either anchored 
or adrift in the lakes could provide a connecting fabric of thermal and motional in- 
formation between the annual synoptic surveys. Drifting buoys of the type that have 
been developed by D. H. Frantz and used on the east coast of the United States by 
D. F. Bumpus can readily be found and tracked by means of airborne direction- 
finding equipment. Since the lakes are small enough for high frequency radio waves 
to reach across their full width in nearly all cases, italso seems possible to employ 
high frequency land-based direction-finding triangulation stations, perhaps manned 
by a program of inter-institutional cooperation. 

It is also conceivable that recording apparatus may be developed for buoys 
anchored so as to lie below ice cover. In these it might be possible to observe the 
vertical gradient of temperature and of currents in the lakes during the winter 
months as well as to measure the luminous flux of short length wave radiation 
reaching the biologically active portion of the lakes beneath the surface ice. I 
realize that this may be more difficult to achieve than to suggest because of the ex- 
treme severity of the ice conditions, but it would be an interesting program to 
attempt. 

(5) Electric Field. One final suggestion comes to mind in response to the 
frequently mentioned influence of the lakes on precipitation. The lakes are suffi- 
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ciently broad and the atmosphere shallow enough so there may be a change in the 
electric potential gradient in the air over the lake surfaces. R. Shotland at New 
York University has shown that coalescence, as a mechanism of raindrop formation, 
can be enhanced or seriously impeded by small changes in the vertical electric 

field gradient. Measurements of the electric field at low levels in the atmosphere 
would probably be highly unreliable owing to the advection of contaminants from the 
land. B. Vonnegut and C. Moore of the Arthur D. Little Company in Cambridge 
have developed methods for measuring the vertical electric potential gradient in 

the atmosphere from aircraft and balloons. These methods might well be adapted to 
the instrumentation of a Great Lakes research aircraft if ever such a vehicle is ac- 
quired. While it is sheer speculation that the influence of the electric field may be 
a significant cause of precipitation differences over the lakes and the surrounding 
land, it is a rather simple observation to make and might well provide a fresh clue 
to the influence of water surfaces on meteorological processes. 


Milton P. Adams 
State Water Resources Commission 
Lansing, Michigan 


Mr. Adams spoke informally on the problem of water resources from the 
standpoint of an administrator. 


Lyndon Spencer 
Lake Carriers' Association 
Cleveland, Ohio 


As a layman I have found the past day and one-half most interesting. I have 
been amazed to learn of the many research projects that are underway around the 
Great Lakes under the supervision of many different agencies. 

I have learned by listening that a number of projects have been completed 
and reported upon. I express considerable doubt that many of these reports have 
reached the hands of shipping people on the Great Lakes who undoubtedly would 
have an interest in them. It is suggested that some thought be given to giving wider 
circulation to such reports. It is, however, further suggested that any such re- 
ports prepared for general consumption should be in ordinary every-day language 
which laymen can understand. 

There has been some talk during these meetings of the number of vessels 
available to carry out your scientific studies. In this connection I draw your atten- 
tion to the 323 large vessels enrolled in the Lake Carriers' Association. There 
undoubtedly are some research problems now under study in which the officer 
personnel on these ships could be of assistance. I must add that the operators of 
the vessels would not look with favor upon any great delay in the operation of their 
vessels, but there must be certain angles of some investigations in which the ships 
could be used for gathering data. You will find the officer personnel on these 
vessels of high intelligence. 

My invitation to attend this Conference offered me an opportunity to com- 
ment on the projects which have been described and to suggest any other subjects 
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which might be given consideration. From what I have heard here, it appears that 
the projects now underway do not need any comments from me. They are in capable 
hands and proceeding as rapidly as equipment, funds and personnel will permit. I 
would like, however, to mention one or two areas of interest to Great Lakes ship- 
ping where some research may be needed. 

There are, as you well know, two variations in lake levels. One is a sea- 
sonal variation and the other a cyclical variation. Considerable study has already 
been made of the seasonal variation, and the Lake Survey of the Corps of Engineers 
has now started to predict lake levels for six months ahead of time. This is a new 
undertaking and must await experience before it can be properly evaluated. Such 
forecasts are of value to lake shiping. 

It has been noted that the subject of cyclical variation in lake levels has been 
carefully avoided. There is very little information on this phenomenon and it al- 
most appears as though everyone is afraid to tackle the subject. I suggest that this 
is a good field for future research. Certainly vessel operators would like to know 
when the long-period trend in lake levels is going to change in either an upward or 
downward direction. 

Not too much has been said here during the past two days on the subject of 
ice. Much information on ice must have been gathered in both polar regions during 
the International Geophysical Year. While it is true that most of this information 
probably has to do with salt water ice, it would seem that there may be some basic 
material which would apply to fresh water ice. It would be of interest to Great 
Lakes shipping to know when entry into ports and areas could be expected. Vessel 
operators usually want to start their ships out in the spring as early as possible but 
they do not want them fitted out and then held in port for long periods of time. 

Another subject in which ice plays a strong part is the design of offshore 
structures, particularly those for aids to navigation. The Coast Guard last year 
put in a number of rather simple structures for holding lights. Although simple, 
they were thought to be sufficiently strong to withstand the push of ice. However, 

a number of them were carried away during the winter, both in the Lake Erie and 
the St. Lawrence Seaway areas. Some research on this matter might develop a 
relatively inexpensive but durable structure. Both the Coast Guard and the mariner 
have an interest in this subject. 

One impression I have gained here is that there may be a lack of adequate 
communication between the scientists who are working on different research pro- 
blems in the Great Lakes area. From questions asked after some of the speakers 
have presented their stories, it appears that others have not even known of the 
studies being made. The Great Lakes Research Institute would seem to an out- 
sider like me to be the agency through which better liaison could be maintained. 

I have one final recommendation which is based upon my own experience 
during this meeting. You should invite to future meetings of the Great Lakes Re- 
search Institute more laymen like myself. 


George F. M. Smith 
Fisheries Research Board of Canada 
London, Ontario 


Several of the speakers in the last day and a half have emphasized the need 
for communication and cooperation among the research agencies in various scien- 
tific fields in the Great Lakes area. This need has also been apparent in fisheries 


research of this area but attempts have been, and are being, made to correct this 
situation. 
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The coordination of fisheries research has been most extensive in Lake 
Erie. There is a committee called ''The Lake Erie Fish Management Committee", 
which brings the agencies operating on fisheries research on Lake Erie together so 
that they, in an informal way, can arrange their programs to avoid duplication and 
cover the field as thoroughly as possible. Thus, certain projects such as general 
hydrography and life histories of fishes in the broad sense, which could not be 
carried out effectively by any single agency, can be tackled cooperatively. To this 
extent, the Lake Erie Fish Management Committee has been eminently successful. 
The total result, however, is probably not entirely satisfactory and this is for rea- 
sons of organization. The Committee, being an informal gathering of operating 
personnel of the active agencies, can really only indicate the intention of each of 
the agencies but not make any firm commitment. However, it is hoped that formal 
cooperation can be achieved in a slightly different way. 

There is, as you are all aware, already in existence the Great Lakes Fish- 
ery Commission which has been set up under an international treaty. Up to the 
moment, this Commission has been largely preoccupied with an experiment in 
lamprey control in the upper Great Lakes. It is, however, within the Commission's 
terms of reference to coordinate and encourage the more general aspects of fish- 
eries research. It should not be assumed that this Commission would in any sense 
dictate to the existing agencies what they must do, but rather coordinate the activi- 
ties of each with due regard to their special interests, financial capabilities and 
political and scientific terms of reference. The basic philosophy behind such co- 
operation must be that the agencies will agree to agree under such leadership. 
Formal outside direction of research being done by independent organizations would, 
in fact, be administratively intolerable to these organizations as it would interfere 
both with their basic independence and with their original differing reasons for 
existence. Some of these organizations are service units to state, provincial or 
federal government departments; others have no such restrictions on their activi- 
ties. It is in this rather difficult and varied environment that it is hoped the Com- 
mission will be able to give coordinating leadership. 

In these last two days, we have heard of many researches not directly con- 
nected with fisheries, but as this conference has already shown, the varied interests 
in the lakes basins are all interlocked. Thus, the activities of water resources 
boards, pollution control units, water level control agents, and other seemingly un- 
related bodies are of great interest to the fisheries investigators and administrators. 

I am sure that this conference has done much to bring together the points of 
view of these various fields. Cooperation and coordination of work of many differ- 
ent interests is essential for a real understanding of the lakes by any of us. This 
resource must be studied and understood as a whole to be managed effectively for 
its multiple uses. 





Clarence M. Cross 
Canadian Hydrographic Service 
Ottawa, Ontario 


oi nt enc Ott ac A A cA nt 


The advent of the St. Lawrence Seaway has required the Canadian Depart- 
ment of Mines and Technical Surveys to review its activities in the Great Lakes. 

The Hydrographic Service, of which Iam a member, had its beginnings in 
Georgian Bay in 1883. Gradually the emphasis has shifted to the Atlantic and 
Pacific coasts, and more recently to the Arctic. However, it is realized that a 
great deal of work is still required in the Great Lakes area. 


PANEL DISCUSSION 159 


Most of the surveys there are half a century old, and revisions are required 
especially for ports which may now receive this new traffic. In addition there are 
many areas that have never been adequately surveyed, including the island and 
shoal-studded waters of Georgian Bay. At present we have two charting parties in 
the Great Lakes and are operating 19 water level recording gauges. We hope to in- 
crease this program very appreciably in the next few years. 

A knowledge of the currents and general circulation in lakes and connecting 
channels is essential to a proper understanding of various processes. The Canadian 
Hydrographic service has until recently used direct methods of current measure- 
ments from a ship at anchor. This is an expensive and laborious way of gathering 
these data. Consequently we are turning to automatic recorders to speed up the 
program and to permit a more efficient use of survey vessels. 

One large and important area of scientific surveys that has not been men- 
tioned during this conference is that dealing with gravity, seismology and magnetism. 
These studies are already being pursued in our Department, under the Dominion 
Observatory, but not much work has been done in the immediate Great Lakes area. 
A considerable number of gravity surveys have been carried out by commercial oil 
exploration companies in Lake Erie, but unfortunately, they have not been of much 
scientific use since they were not tied in to the national system of gravity surveys. 

The Department of Mines and Technical Surveys is embarking on a major 
program in oceanography, including the physical, chemical and geological aspects. 
This program is not scheduled to extend into the Great Lakes, but it is possible that 
this area may derive considerable direct benefits. A proposal is now under con- 
sideration whereby the research ship M. V. ''"PORTE DAUPHINE", now operated by 
the Ontario Department of Lands and Forests under the direction of Dr. Anderson, 
may serve the Department of Mines and Technical Surveys for training oceanogra- 
phers and testing scientific instruments and techniques. This new arrangement, if 
adopted, should contribute substantially to the overall scientific research work 
being carried out on the Great Lakes. 


Alfred C. Redfield 
Woods Hole Oceanographic Institution 
Woods Hole, Massachusetts 


As I have listened to the communications presented at this conference, I 
have been impressed by the fact that the same sort of problems have been discussed 
and in the same scientific languages as would obtain in a meeting of any similar 
group of oceanographers. The study ofthe Great Lakes is only a part of a much 
broader field, extending from the oceans to the smallest ponds, in which the same 
general principles apply. 

An organization such as the Great Lakes Research Institute can serve two 
important functions in addition to the research which it conducts directly. First, it 
can provide an aid in integrating the work done by the various activities concerned 
with the area, and second, it can assist in relating your work to the broader field of 
limnology and oceanography. 

Research is organized so that there are very strong tendencies toward se- 
paratism which need be overcome. The directives under which the service organi- 
zations work tend to limit their activities, and hence inevitably their viewpoint; the 
university people, while freer, are organized according to the conventional depart- 
ments of learning, with boundries which are not easily crossed. The oceanographic 
institutions have been at a great advantage by freedom from such restraints. This 
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Institute can perhaps profit in a similar way and can in addition do a great service 
in promoting liaison by such meetings as this and in other ways. 

There is adanger, in concentrating as you must on a circumscribed area, 
that you will neglect the relation of your problems to the wider fields of learning. 

It does not help the dissemination of knowledge to have work buried in project re- 
ports or unpublished doctors' theses. I wonder whether Dr. Einselle and other 
European limnologists have access in their university libraries to the exellent re- 
ports on the Great Lakes which have recently appeared. Scientific studies are not 
finished until the results are available in the established journals which are gener- 
ally available. 

If the recent recommendations of the National Academy's Committee on 
Oceanography are carried out, oceanography is due for a great expansion in the 
immediate future. The success of this program will depend on the training of many 
more men. The universities concerned with the study of the Great Lakes have a 
great opportunity in this connection. 

Oceanographers are beginning to think of oceans as a world system to be 
considered as a unit. The Great Lakes should also be viewed as a unit. What 
happens to a parcel of water entering Lake Superior in its passage to the St. 
Lawrence river? From what sources is it diluted and in what degree? Does it 
undergo a process of eutrophication (or aging) as a function of distance such as Dr. 
Chandler has suggested as a function of time? Studies of deuterium and of phosphate 
are suggested as indicators in such problems. 

Finally, we have heard very little about the chemistry of lake waters at this 
meeting. I would like to suggest that the chemistry of the lake waters provides a 
common meeting ground for the biologist and the physical limnologist, as well as 
for the sanitary and chemical engineer. 











